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Purpose  of  this  Report 

The  purpose  of  this  report  is  to  document  the  results  of  the  first  phase  of  additional  geotechnical 
investigations  of  the  piping  failure  of  Anita  Dam.  This  program  is  part  of  a cooperative  effort  by 
personnel  from  the  Bureau  of  Land  Management  (BLM),  Bureau  of  Reclamation  (Reclamation), 
and  the  State  of  Montana  to  determine  the  cause  of  the  dam  failure  and  conclude  if  the  structure 
can  be  safely  and  economically  reconstructed.  This  portion  of  the  post-failure  explorations  was 
the  first  of  two  phases  of  additional  investigations  recommended  by  the  Board  of  Inquiry 
convened  to  investigate  the  failure.  It  included  a comprehensive  site  inspection,  in  situ  testing, 
test  pitting,  and  extensive  laboratory  analysis  of  embankment  and  borrow  area  materials.  Goals 
were  to  help  determine  the  initial  route  or  routes  of  failure  through  which  the  piping  progressed, 
and  evaluate  the  embankment  and  borrow  area  materials  to  determine  if  their  characteristics 
were  either  factors  in  developing  the  piping  path  or  in  accelerating  the  rate  of  erosion. 

A bibliography  and  other  pertinent  background  data  used  in  preparing  this  report  are  included  in 
attached  Appendices  A through  I. 


Site  Geology 

Anita  Dam  is  located  in  the  glaciated  portion  of  the  Great  Plains  Physiographic  Province  in  north- 
central  Montana  about  22  miles  north  of  the  town  of  Chinook.  The  area  is  characterized  by 
nearly  flat  to  slightly  rolling,  grass-covered  plains  with  the  topography  broken  by  two  isolated 
mountainous  areas.  The  Sweetgrass  Hills  rise  about  90  miles  to  the  west  and  the  Bears  Paw 
Mountains  lie  about  40  miles  to  the  south. 

Local  geologic  units  consist  of  the  upper  Cretaceous  age  Bearpaw  Shale  overlain  by  Pleistocene 
glacial  sediments  and  Recent  alluvium  and  colluvium  along  the  creek  channel  and  walls. 

Subsurface  explorations  at  the  dam  site  did  not  encounter  the  shale  bedrock  and  it  does  not  crop 
out  within  the  reservoir  or  along  the  creek  channel  immediately  downstream  from  the  dam.  The 
deepest  drill  holes  penetrated  to  depths  of  99  feet  below  the  ground  surface.  Literature 
references  describe  the  Bearpaw  Shale  as  a dark  gray  to  brownish-gray  marine  shale  or  clay 
shale  containing  iron-rich  concretions  and  thick  bentonite  beds.  When  weathered,  it  forms  the 
notorious  gumbo  soils  that  can  be  so  treacherous  for  wet  weather  travelers  along  the  Missouri 
Breaks  farther  south. 

Immediately  overlying  the  shale  bedrock  are  glacial  sediments  consisting  primarily  of  till  units  with 
minor  zones  of  outwash  and  lacustrine  sediments.  The  till  is  mostly  composed  of  day  and  silt 
fines  with  minor  amounts  of  sand,  gravel,  cobbles,  and  a few  boulders.  Laboratory  tests  indicate 
that  the  local  till  is  somewhat  finer  than  the  typical  tills  both  east  and  west  of  the  dam  site.  Till  at 
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the  dam  site  is  composed  of  about  75%  day  and  silt  fines,  20%  predominantly  fine  sand,  and  5% 
mostly  fine  to  medium  gravel.  Cobbles  and  small  boulders  only  constitute  a trace  in  the  local 
material.  The  brownish-gray,  weathered  tills  near  the  ground  surface  usually  dassify  as  CL  in 
the  Unified  Soil  Classification  System,  and  grade  to  CL-CH  or  CH  in  the  dark  gray,  unoxidized  tills 
encountered  at  depth.  Gypsum  granules  and  crystals  are  common,  espedally  in  the  top  few  feet 
of  the  till  and  along  scattered  joints,  but  constitute  only  a tiny  percentage  of  the  total  mass.  By 
far  the  majority  of  material  encountered  by  investigations  at  Anita  Dam  was  till.  It  is  usually 
considered  a slowly  permeable  to  impermeable  material  and  is  commonly  used  for  compacted 
embankment  construction  in  gladated  areas. 

Outwash  zones  within  the  till  are  usually  discontinuous  with  a very  limited  extent  except  in  the 
rare  occurrences  of  buried  pre-gladal  river  channels.  Composition  of  the  outwash  material  can 
be  quite  variable,  but  usually  consists  of  relatively  dean,  pervious  mixtures  of  sand  and  gravel. 
The  materials  often  contain  limited  amounts  of  trapped  water  and  may  even  be  of  importance  as 
local  aquifers  if  the  units  are  of  adequate  size.  These  units  can  be  a route  for  seepage  past 
engineering  structures  and  must  be  carefully  defined  at  each  site.  Only  a very  small  amount  of 
outwash  material  was  encountered  in  investigations  at  the  dam  site. 

Gladal  lake  and  pond  sediments  are  frequently  interbedded  within  the  till  units.  They  are  usually 
composed  of  thinly  bedded  or  varved  day,  silt,  and  very  fine  sand  units.  The  material  is  slowly 
permeable  to  impermeable,  but  the  fine  nature  of  the  sediments  and  resultant  poor  workability 
most  often  predude  their  use  for  impervious  fill.  Some  of  these  units  were  encountered  in  the 
borrow  areas  east  of  the  structure,  and  if  they  are  to  be  used  as  compacted  embankment,  should 
be  carefully  mixed  with  the  surrounding  till. 

Alluvial  sediments  occur  along  the  creek  channel  passing  through  the  dam  site.  They  are  highly 
variable  in  composition  and  may  be  intermixed  with  local  colluvial  materials  washed  from  the 
valley  walls.  Excavations  in  the  core  trench  for  the  dam  encountered  these  materials  and  the 
depth  of  the  cutoff  was  increased  to  insure  that  the  more  pervious  layers  of  dirty  sand  and  gravel 
were  removed  from  the  excavation  and  did  not  extend  beneath  the  structure. 

Findings 

An  initial  site  examination  by  members  of  the  Board  of  Inquiry  did  not  end  in  a conclusive  answer 
as  to  the  cause  of  the  piping  failure  (Photographs  1 and  2).  Recommendations  by  the  Board  for 
the  first  phase  of  additional  investigations  included  excavating  and  inspecting  the  right  upstream 
end  of  the  outlet  pipe  where  fill  remained  in  contact  with  the  structure  to  see  if  any  knowledge 
could  be  gained  about  the  route  of  initial  failure,  conducting  Troxler  densities  and  moistures  of 
the  remaining  construction  materials,  and  collecting  embankment  samples  from  the  vicinity  of  the 
outlet  pipe  for  further  testing.  Those  recommendations  were  completed  on  April  10,  1997.  Other 
activities  carried  out  at  the  same  time  included  photography  of  the  interior  of  the  outlet  pipe  using 
a still  camera;  resurveying  of  elevations  across  the  crest  of  the  dam  and  tops  of  appurtenant 
structures;  inspection  of  both  emergency  spillways;  inspection  of  the  downstream  outlet  channel; 
inspection  of  the  reservoir  floor  for  sinkholes;  inspection  of  the  riprap;  and  excavation  and 
collection  of  materials  samples  from  3 test  pits  in  a potential  borrow  source  immediately  east  of 
the  construction  borrow  area,  and  from  2 test  pits  in  the  bottom  of  the  construction  borrow  area. 

Excavation  and  inspection  of  the  area  in  the  vicinity  of  the  right  upstream  end  of  the  outlet  pipe 
(Photograph  3)  revealed  several  interesting  items.  The  cutoff  collars  seemed  to  be  very  tight 
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around  the  outlet  pipe  with  no  separation  or  gap  between  the  concrete  and  the  pipe  (Photograph 
4).  Very  fine  cracks  were  observed  extending  partially  through  the  radiuses  of  two  of  the  collars. 
The  erosion  route  followed  along  the  left  side  of  the  pipe  and  turned  right  around  and  behind  the 
valve  control  riser  (Photograph  5)  before  going  out  of  sight  along  the  pipe.  The  erosion  extended 
to  the  left,  above,  and  below  all  of  the  cutoff  collars  (Photographs  6 through  8)  between  the 
upstream  end  of  the  pipe  and  the  valve  control  riser,  with  only  the  right  edges  and  a bit  of  the 
top  and  bottom  of  each  collar  remaining  in  contact  with  the  compacted  embankment.  With  only 
two  exceptions,  wherever  the  pipe  or  collars  were  in  contact  with  the  embankment,  that  contact 
was  tight.  One  exception  was  a small  gap  of  about  Yi  inch  along  the  right  outside  edge  of  the 
second  collar  (Photograph  9) . This  can  probably  be  attributed  to  slight  rotation  or  settlement 
toward  the  left  after  the  pipe  became  unsupported  after  erosion  around  the  pipe  and  collars.  The 
other  exception  was  around  the  valve  control  riser  where  a gap  of  approximately  % inch  was 
noticeable  between  the  pipe  and  surrounding  fill  (Photograph  10).  Vertical  extent  of  the  crack 
could  not  be  determined. 

There  was  a halo  of  frozen  embankment  around  the  outlet  pipe  that  extended  outward  about  8 to 
10  feet  at  least  toward  the  right  side.  No  ice  lenses  or  isolated  ice  masses  were  noted  along  the 
pipe,  cutoff  collars,  or  in  the  embankment.  The  frozen,  compacted  fill  was  very  hard  to  excavate 
and  appeared  to  be  of  similar  consistency  both  near  and  away  from  the  pipe.  All  looked  to  be 
dark  gray  recompacted  glacial  till  classifying  as  CL.  Some  layering  was  noted  because  of  color 
changes  in  the  material.  This  was  most  noticeable  low  in  the  eroded  tunnel  wall  to  the  left  side 
of  the  outlet  pipe  (Photograph  6)  and  above  the  pipe  where  the  layers  have  separated  due  to  lack 
of  support  (Photograph  11).  Ten  Troxler  densities  taken  near  the  pipe  (Photographs  12  and  13) 
during  excavation  showed  an  average  dry  density  of  98.4  Ibs/ft3  and  an  average  moisture  of 
18.1%.  The  average  percent  compaction  compared  to  the  target  Proctor  maximum  dry  density  of 
107.0  Ibs/ft3  was  therefore  only  about  92%  - about  3%  below  the  acceptable  amount. 
Approximately  5 feet  to  the  right  of  the  pipe  8 Troxler  densities  had  an  average  dry  density  of 
102.2  Ibs/ft3  and  an  average  moisture  content  of  18.0%.  The  average  percent  compaction  was 
right  on  the  acceptable  goal  of  95%.  These  figures  indicate  that  the  special  compaction  around 
the  pipe  was  not  as  good  as  the  compaction  that  was  achieved  farther  away,  and  did  not  quite 
meet  the  original  compaction  goal  of  95%.  Possibly  measurements  from  the  new  Troxler  do  not 
correlate  with  those  from  Troxlers  used  during  construction,  or  the  most  recent  measurements 
were  influenced  by  the  frozen  condition  of  the  fill.  The  Troxler  moisture  contents  both  near  the 
pipe  and  five  feet  away  were  very  close  to  the  goal  of  17%  plus  or  minus  1%,  so  the  moistures 
do  seem  to  correlate. 

In  order  to  verify  earlier  laboratory  data  and  Troxler  measurements,  and  to  obtain  additional 
materials  data,  several  samples  of  compacted  fill  were  collected  from  the  vicinity  of  the  right 
upstream  end  of  the  outlet  pipe  in  the  area  that  remained  intact  after  the  piping  failure.  Two 
samples  were  from  near  the  top  elevation  of  the  pipe  - one  about  1 foot  right  of  the  pipe  and  the 
other  about  6 feet  right,  and  a third  was  taken  from  near  the  bottom  elevation  of  the  pipe  and 
about  1 foot  to  the  right.  Laboratory  data  from  all  three  samples  were  nearly  identical.  They  all 
classified  as  Lean  Clay  With  Sand  (CL)  with  sieve  analyses  and  hydrometers  indicating  an 
average  content  of  approximately  46%  clay  fines,  30%  silt  fines,  22%  sand,  and  2%  mostly  fine 
gravel.  Atterberg  Limits  showed  the  liquid  limits  (LL)  to  be  either  45  or  46%  and  all  the  plasticity 
indices  (PI)  to  be  32%.  The  Proctor  maximum  dry  densities  varied  from  105.2  to  105.7  Ibs/ft  at 
moisture  contents  ranging  from  17.0  to  19.3%.  These  Proctor  maximum  dry  densities  are  thus 
only  slightly  less  than  the  original  design  target  of  107.0  Ibs/ft3,  and  the  moisture  range  was  also 
very  near  the  target  moisture  of  17.0%  plus  or  minus  1%.  Two  natural  moisture  content  tests 
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yielded  17.0  and  17.7%  - right  at  the  target  moisture  content  and  also  correlating  well  with  the 
recent  Troxler  moistures. 

The  rapidity  with  which  the  piping  failure  occurred  suggested  that  laboratory  tests  should  be 
conducted  for  dispersive  clays  in  the  compacted  fill.  Two  samples  from  the  sites  near  the  top 
elevation  of  the  outlet  pipe  were  submitted  to  a contract  laboratory  for  analyses.  This  suite  of 
four  tests  (pinhole,  crumb,  SAR,  and  total  dissolved  salts  - TDS)  indicated  the  definite  probability 
of  dispersive  soils  in  both  samples.  The  results  were  a surprise  to  the  board  of  inquiry  because 
none  of  us  has  ever  had  any  experience  with  dispersive  clays  in  the  continental  till  of  northern 
Montana.  Undoubtedly,  the  dispersive  nature  of  the  tiU  soils  can  be  attributed  to  the  high 
percentage  of  sodium-rich  Bearpaw  Shale  fragments  contained  within  the  till.  Several  large 
dams  have  been  constructed  by  Reclamation  in  the  area  using  similar  appearing  materials 
without  any  piping  problems  developing.  As  far  as  can  be  determined,  however,  the  fill  from 
none  of  those  dams  has  ever  been  tested  for  dispersive  clays. 

A skid-mounted,  still  camera  (Photograph  14)  was  used  by  personnel  from  the  State  of  Montana 
to  photograph  the  inside  of  the  outlet  pipe,  but  the  photographs  have  not  yet  been  made 
available,  so  the  presence  or  absence  of  gaps  or  irregularities  in  the  pipe  is  unknown. 

The  resurvey  of  reference  points  across  the  crest  of  the  dam  indicated  that  there  was  probably  a 
minor  error  in  the  initial  survey  which  showed  a settlement  of  about  0.2  feet  in  the  maximum 
section  of  the  structure  and  a similar  settlement  on  the  tops  of  the  vertical  riser  pipes.  It  is  now 
believed  that  the  settlement  is  about  half  that.  Unfortunately,  no  conclusion  can  be  made  as  to 
whether  the  settlement  occurred  prior  to  - and  could  have  been  a contributing  factor  in  the 
failure,  or  happened  after  the  failure  because  of  removal  of  supporting  material  around  the  outlet 
pipe. 

Inspection  of  the  emergency  spillways  revealed  nothing  unusual.  They  seem  to  have  sufficient 
width  and  probably  length  to  safely  pass  flows  of  short  duration.  It  appears,  however,  that  it 
might  have  been  preferable  to  have  extended  the  west  end  of  the  dam  slightly  farther  to  the  north 
rather  than  curving  it  close  to  the  high  bank  near  the  creek.  If  erosion  should  occur  near  the  end 
of  the  dam,  the  short  distance  to  the  bank  could  start  rapid  headward  cutting  into  the  reservoir. 
Surficial  material  appears  to  be  glacial  till  similar  to  that  encountered  in  most  of  the  excavations. 

An  inspection  of  about  V*  mile  of  the  downstream  outlet  channel  (Photograph  15)  also  did  not 
reveal  anything  of  an  unusual  nature.  The  excessive  erosional  holes  that  had  been  reported 
were  not  found  - possibly  because  they  were  filled  with  water  and  ice.  Erosion  that  was  evident 
appeared  to  be  caused  by  normal  variances  in  topography  coupled  with  the  abnormal  outflow 
being  carried  by  the  small  channel. 

During  the  filling  and  evacuation  of  the  reservoir,  observers  noted  the  presence  of  several  small 
whirlpools  upstream  from  the  dam.  Normally  these  form  over  sinkholes,  so  the  floor  of  the 
reservoir  was  carefully  inspected.  A few  small  depressions  were  found  (Photograph  16),  but 
none  exceeded  a foot  or  so  across  and  a few  inches  deep.  The  nature  of  the  local  geology 
(being  mostly  impervious  alluvium  and  glacial  deposits  overlying  Bearpaw  Shale),  does  not  lend 
itself  to  the  formation  of  sinkholes.  The  most  probable  causes  of  the  depressions  are  reservoir 
water  entering  into  underlying  joints  in  the  till  or  into  discontinuous  pervious  outwash  or  alluvial 
deposits  that  had  been  previously  drained  by  construction  activities  at  the  dam.  Water 
movement  into  these  openings  would  have  carried  some  soil  fines  from  the  overlying  material, 
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and  caused  the  small  depressions.  The  vortexes  were  possibly  the  result  of  this  temporary  water 
movement  into  the  openings,  and  ceased  once  the  openings  were  saturated. 

Inspection  of  the  riprap  (Photograph  17)  revealed  it  to  be  a sound,  heavy  igneous  rock  of  good 
quality.  It  is  angular,  freshly  quarried  rock  of  reasonably  good  gradation  and  large  enough  to 
adequately  protect  the  structure  from  waves  produced  from  the  short  fetch  of  the  reservoir. 

While  a backhoe  was  available  at  the  reservoir  site,  three  test  pits  were  excavated  around  the 
reservoir  rim  just  east  of  the  borrow  area  that  had  been  used  for  embankment  construction. 

They  were  numbered  TP97-101  through  -103  in  a progression  from  south  to  north  (Investigations 
Location  Map  - Appendix  B).  The  purpose  of  the  pits  was  to  determine  the  characteristics  of  the 
material  in  that  area  for  its  possible  use  as  impervious  fill  in  dam  reconstruction.  Most  of  the 
material  encountered  was  glacial  till  classifying  as  Lean  Clay  With  Sand  (CL),  but  each  pit  had 
somewhat  differing  materials.  A detailed  geologic  log  of  each  pit  is  included  in  Appendix  D. 

Material  in  TP97-101  (Photograph  18)  was  all  glacial  till  to  a depth  of  9.0  feet  with  a 
concentration  of  light  colored  minerals  between  1.0  and  4.0  feet.  These  minerals  occur  as  white 
granules  and  crystals  and  appear  to  be  mostly  gypsum.  Because  of  the  mineral  concentration, 
the  top  portion  of  this  pit  probably  is  unsuitable  for  fill.  A sample  of  the  mineralized  zone  was 
tested  for  dispersive  days  with  the  result  being  a possible  dispersion  problem.  A rather  unusual 
blocky  texture  was  noted  for  most  of  the  materials  in  this  pit. 

In  TP97-102  (Photograph  19),  the  upper  6.5  feet  of  material  was  gladal  till  with  some 
accumulation  of  minerals  between  1.0  and  2.0  feet.  The  lower  part  of  the  pit  from  6.5  to  9.5  feet 
was  Sandy  Lean  Clay  (CL)  with  a nearly  even  mixture  of  fine  sand  and  low  plastidty  fines.  This 
material  had  a light  brown  color  that  contrasted  with  the  surrounding  gray  or  brownish-gray  till.  It 
is  probably  a buried  lacustrine  sediment.  If  properly  mixed,  the  materials  from  this  pit  could  be 
used  for  impervious  fill,  but  better  materials  are  locally  available.  No  samples  from  the  pit  were 
tested. 

The  materials  in  TP97-103  (Photograph  20)  appeared  to  be  almost  a combination  of  the  other 
two  pits.  From  the  surface  to  8.0  feet,  the  material  was  overall  a gray  colored  gladal  till.  It  did, 
however,  contain  areas  of  light  brown  soils  that  looked  like  the  lacustrine  sediment  observed  in 
the  lower  part  of  TP97-102.  A zone  from  1.5  to  3.0  feet  showed  a slight  accumulation  of  light 
colored  minerals.  From  8.0  to  11.0  feet,  material  excavated  from  the  pit  was  typical  gladal  till.  If 
property  mixed,  material  from  the  pit  would  be  suitable  for  impervious  fill.  No  samples  from  the 
pit  were  tested. 

When  it  became  apparent  that  material  from  the  east  rim  of  the  original  construction  borrow  area 
was  not  very  consistent  and  of  somewhat  questionable  quality,  it  was  dedded  to  further 
investigate  the  bottom  of  the  original  borrow  area.  Two  test  pits  were  excavated  in  that  area.  Pit 
TP97-104  was  completed  to  the  west,  and  TP97-105  to  the  east.  Each  pit  had  somewhat 
different  material.  Geologic  logs  are  induded  in  Appendix  D. 

From  the  ground  surface  to  a depth  of  10.0  feet,  TP97-104  (Photograph  21)  was  excavated  into 
gray-brown  gladal  till  dassifying  as  Lean  Clay  With  Sand  (CL).  The  material  had  good  moisture 
(probably  near  optimum  moisture  content),  and  contained  a few  scattered  gypsum  crystals.  This 
area  had  previously  been  excavated  well  below  the  zone  of  shallow  mineral  accumulation,  so 
mineral  concentration  was  not  observed.  The  excavated  material  appeared  quite  suitable  for  use 
as  impervious  fill.  No  samples  of  materials  were  collected  or  tested. 
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Test  pit  TP97-105  (Photograph  22)  contained  two  distinctive  types  of  material  easily 
distinguished  by  color  and  Atterberg  Limits  test  data,  but  similar  in  overall  gradation.  Both 
materials  classified  as  Lean  Clay  With  Sand  (CL).  The  upper  unit  was  encountered  from  0 to  4.0 
feet.  It  was  gray-brown  in  color,  moist,  and  contained  scattered  gypsum  crystals.  A liquid  limit 
value  of  46%  was  obtained  along  with  a plasticity  index  of  31%.  It  looked  like  the  glacial  till  that 
had  previously  been  used  from  this  borrow  area  for  dam  construction,  and  tested  almost 
identically  (Appendix  E).  The  lower  unit  extended  from  4.0  to  10.0  feet.  It  was  light  brown  in 
color  and  moist,  but  the  gypsum  crystals  of  the  upper  unit  were  absent.  The  liquid  limit  was  34% 
and  the  plasticity  index  was  20%  - both  much  lower  than  the  upper  unit.  This  material  appeared 
to  be  a lacustrine  sediment.  When  mixed  with  the  overlying  unit,  this  material  would  be  suitable 
for  use  as  impervious  fill. 

Overall  characteristics  of  the  material  from  this  original  construction  borrow  area  appear  to  be 
superior  to  that  of  materials  from  the  adjacent  reservoir  rim  area  to  the  east.  Further  utilization  of 
this  existing  borrow  area  would  also  require  less  reclamation  than  expanding  the  present  borrow 
area  into  the  rim  area  which  has  already  been  restored. 

Conclusions 

The  investigations  completed  in  this  phase  of  the  Board's  inquiry  into  the  failure  of  Anita  Dam  did 
not  reveal  the  exact  methodology  of  failure,  and  I do  not  expect  that  will  ever  be  known  because 
most  of  the  evidence  was  washed  away.  Much  of  the  new  information  confirms  preconstruction 
design  data  and  construction  quality  control  conclusions.  Other  information  seems  to  refute 
some  failure  suppositions.  Only  one  previously  unknown  major  contributing  factor  to  the  failure 
was  disclosed  by  these  investigations. 

Excavation  and  testing  in  the  vicinity  of  the  outlet  pipe  revealed  that  there  was  little  physical 
difference  between  the  material  compacted  next  to  the  pipe  and  that  farther  away,  as  had  been 
proposed  by  the  contractor.  Gradations,  moistures,  and  Atterberg  Limits  data  showed  all  of  the 
material  to  be  the  same,  and  also  nearly  identical  to  material  remaining  in  the  borrow  area  that 
was  utilized. 

Compaction  (as  revealed  by  in  situ  density  data)  was  not  quite  as  good  near  the  pipe  as  farther 
away,  and  may  not  have  met  the  target  goal  of  95%  of  the  design  maximum  dry  density. 

Moisture  contents  of  the  excavated  material  were  very  near  the  target  design  moisture. 

With  only  two  exceptions,  remaining  contacts  of  the  compacted  embankment  with  cutoff  collars 
or  the  metal  pipes  were  tight,  and  there  was  no  evidence  of  gaps  between  the  cutoff  collars  and 
the  outlet  pipe.  Erosion  proceeded  completely  around  the  collars  as  if  they  were  not  even 
present. 

A halo  of  frozen  embankment  extended  out  from  the  right  side  and  above  the  outlet  pipe  for  a 
distance  of  8 to  10  feet.  It  made  the  material  very  difficult  to  excavate.  No  ice  lenses  or  layers 
were  found  either  along  the  pipe  or  in  the  surrounding  compacted  embankment. 

Inspection  of  the  reservoir  floor  did  not  reveal  the  presence  of  any  significant  sinkholes,  and  the 
geology  of  the  dam  site  generally  precludes  their  formation.  The  cause  of  the  small  vortexes  that 
were  observed  in  the  reservoir  cannot  be  adequately  explained. 
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The  excavation  of  test  pits  in  the  original  borrow  area  revealed  it  to  be  a logical  source  of 
additional  impervious  fill  for  embankment  reconstruction. 

The  most  significant  finding  of  the  latest  investigations  was  the  presence  of  dispersive  clays  in 
the  glacial  till  used  for  embankment  construction.  This  was  a totally  unexpected  revelation 
because  there  is  no  history  of  previous  problems  with  continental  till  deposits  in  this  area.  The 
designer  could  not  reasonably  have  been  expected  to  anticipate  this  problem.  It  can  only  be 
detected  by  rather  elaborate  laboratory  testing  not  commonly  required  for  construction  design.  If 
the  presence  of  these  highly  erodible  soils  had  been  known,  the  design  of  the  structure  could 
have  been  modified  to  account  for  them  or  the  construction  material  treated  to  alleviate  the 
condition. 

It  is  my  opinion  that  determining  the  exact  cause  and  location  of  the  initial  conduit  for  the  piping 
failure  is  an  honorable  but  unrealistic  goal,  and  is  irrelevant  anyway.  Investigations  of  Anita  Dam 
have  indicated  that  the  dam  site  is  located  in  a geologically  favorable  site,  and  with  proper  design 
modifications,  the  dam  can  be  safely  reconstructed.  That  should  be  confirmed  by  the  final  phase 
of  ongoing  investigations. 


Recommendations 

The  final  phase  of  investigations  should  be  completed  and  the  results  analyzed  to  determine  if 
any  additional  information  about  the  embankment  or  foundation  conditions  will  influence  a 
decision  to  redesign  and  reconstruct  the  dam.  Those  final  investigations  involve  drilling  a total  of 
5 holes  in  the  embankment  and  foundation  of  the  structure  to  determine  the  characteristics  of 
both  the  embankment  and  foundation  materials.  Four  of  the  holes  will  be  drilled  along  the  dam 
axis  and  the  other  upstream  near  the  vertical  risers  for  the  valve  control  structure  and  the 
overflow  spillway.  Standard  Penetration  Tests  will  be  conducted  to  evaluate  the  bearing  capacity 
of  the  embankment  and  foundation  materials  and  locate  any  soft  zones.  Two  undisturbed 
samples  will  be  collected  for  one-dimensional  consolidation  testing  of  core  trench  and  foundation 
materials  near  the  vertical  structures.  Representative  samples  will  be  collected  for  sieve 
analyses,  hydrometer  tests,  moisture  tests,  Atterberg  Limits,  and  the  suite  of  four  tests  used  to 
identify  dispersive  days.  Double  porous  tube  piezometer  installations  will  be  completed  in  each 
of  the  outside  axis  holes. 

This  final  drilling  and  testing  phase  of  investigations  began  on  May  1,  1997,  and  was  concluded 
by  the  first  of  June.  Commerdal  laboratory  testing  and  final  report  preparation  will  take  until 
approximately  the  end  of  June. 

In  addition  to  the  formal  investigation  programs  that  will  soon  be  completed,  a very  careful 
excavation  of  the  outlet  pipe  should  be  conducted.  Personnel  familiar  with  the  structure  and  its 
construction,  and  knowledgeable  of  the  various  theories  of  failure  proposed  by  the  Board  of 
Inquiry,  should  be  present  throughout  the  procedure  to  look  for  any  evidence  of  a failure 
mechanism  that  might  be  uncovered. 

If  a final  dedsion  is  made  to  reconstruct  the  dam,  I would  urge  that  the  latest  design  criteria  and 
construction  procedures  be  followed  for  strudures  containing  dispersive  days.  As  a minimum,  I 
think  this  would  involve  bedding  an  outlet  pipe  (without  cutoff  collars)  in  a slurry  of  soil-cement  or 
concrete  up  to  the  middle  of  the  pipe;  compacting  over  the  remainder  of  the  pipe  with  pneumatic 
tired  equipment  until  a suffident  amount  of  cover  is  achieved;  and  installing  a filter  and  drainage 
system  around  the  downstream  portion  of  the  pipe  to  control  any  seepage  and  piping  of 
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dispersive  materials.  As  extra  safety  factors,  a complete  filter  blanket  with  toe  drains  could  be 
constructed  on  the  downstream  face  of  the  dam,  and  all  material  used  for  reconstruction 
(especially  around  the  outlet  pipe)  could  be  treated  with  calcium  chloride  or  some  other  suitable 
substance  to  help  alleviate  the  dispersive  properties  of  the  local  soils. 

Above  all,  I recommend  a thorough  peer  review  of  the  final  design  by  someone  familiar  with  the 
problems  caused  by  dispersive  soils. 
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LEGEND 

^300^  soil  tests  taken  April  1997 

201-205  borehole  testing  by  BOR  in  May  of  1997 


A -Ey  soil  tests  taken  in  January  of  1995 
<^Q-3^>  soil  tests  taken  in  June  <5 c July  of  1995 


soil  tests  taken  in  October  of  1993 


soil  tests  taken  April  of  1997 


SEE  ATTACHED  LIST  FOR  ELEVATIONS 


U.S.  DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 


TIHE  ANITA  SOILS  TESTING 

DATE  5~2Sr97  nDMUKI  HAC-LRB /BO 
SHEET  _1_  of  _L_  UKAWN  


ANITA  SOILS  TESTING 

TO  ACCOMPANY  THE  ANITA  SOILS  TESTING  DRAWING 

LRB , BO , HAC 
5-28-97 

page  1 of  2 

The  following  as  a list  of  all  test  holes  and  pits  taken  at  Anita 
Reservoir.  All  the  samples  with  exception  of  the  200  series,  were 
backhoe  excavated  test  pits. 

The  first  eight  samples  were  taken  in  October  of  1993  and  the 
elevations  are  as  follows: 


Sample  Number 


Elevation 


1 

2 

3 

4 

5 

6 

7 

8 


2681.58 

2691.71 

2702.12 

2714.29 

2696.17 

2714.42 

2714.40 

2693.08 


The  following  samples (A-E)  were  taken  in  January  of  1995  and  the 
elevations  are  as  follows: 


Sample  Letter 


Elevation 


A 

B 

C 

D 

E 


2686.45 

2717.90 

2718.38 

2718.34 

2712.97 


The  next  set  of  samples ( 20-32 ) 
1995  and  the  elevations  are  as 

Sample  Number 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


were  taken  in  June  and  July  of 
follows : 

Elevation 

2724.07 

2724.65 
2722.37 
2724.50 
2721.48 
2724.73 

2724.66 
2723.87 
2723.75 
2689.64 
2694.81 
2692.03 
2696.97 


page  2 of  2 


The 

following  samples (101 

-105)  were  taken  on  April  11,  1997  by 

BOR 

and  BLM  and  the  elevations  are 

as  follows: 

Sample  Number 

Elevation 

101 

2718 

102 

2718 

103 

2715 

104 

2694 

105 

2693 

The 

following  samples (301 

,303,304, 

305)  were  taken  on 

April  15, 

1991 

' by  BOR  and  BLM  and  the  elevations  and  locations 

are  as 

follows:  (Station  offsets 

are  plus 

if  upstream  from 

centerline) 

Sample  Number 

Station 

Station  Offset 

Elevation 

301 

5+45 

+ 80  ft 

2697.10 

303 

5+45 

+80  ft 

2688.58 

304 

5+51 

+80  ft 

2688.98 

305 

5+45 

+69  ft 

2689.02 

The 

following  samples (201 

-205)  were  taken  in  May  of 

1997  by  BOR 

and 

BLM  by  the  use  of  a drill  rig 

and  the  elevations 

are  as 

follows:  (Station  offsets 

are  plus 

if  upstream  from 

centerline) 

Sample  Number  i 

Station 

Station  Offset 

Elevation 

201 

5+45 

+34  ft 

2711.70 

202 

7+36 

0 ft 

2720.00 

203 

6+06 

0 ft 

2720.00 

204 

4+96 

0 ft 

2720.00 

205 

3+30 

0 ft 

2720.00 
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Photograph  1 Anita  Dam  - Blaine  County  - MT 

Upsteam  end  of  the  outlet  pipe  showing  an  eroded  area  to  the  left  of  the  pipe. 
Photograph  by  L.  Parish  4-10-97 


Photograph  2 Anita  Dam  - Blaine  County  - MT 

Downstream  end  of  the  outlet  pipe  showing  an  eroded  hole  on  each  side  of  the  pipe. 
Photograph  by  L.  Parish  4-10-97 


Photograph  3 Anita  Dam  - Blaine  County  - MT 

Excavation  of  the  embankment  on  the  right  upstream  side  of  the  outlet  pipe  where  the 
material  remained  in  contact  with  the  pipe  and  cutoff  collars. 

Photograph  by  L.  Parish  4-10-97 


Photograph  4 Anita  Dam  - Blaine  County  - MT 

View  of  the  outlet  pipe  and  a cutoff  collar.  The  collar  appeared  to  be  in  complete  contact 
with  the  pipe  with  no  gap  between  the  two.  A single  very  fine  crack  was  noted  extending 
part  way  through  two  collars. 

Photograph  by  L.  Parish  4-10-97 


Photograph  5 Anita  Dam  - Blaine  County  - MT 

View  looking  downstream  along  the  outlet  pipe  and  cutoff  collars.  The  eroded  tunnel 
turns  right  along  the  pipe  just  downstream  from  the  valve  control  riser  (bright  spot). 
Photograph  by  L.  Parish  4-10-97 


Photograph  6 Anita  Dam  - Blaine  County  - MT 

Another  view  of  erosion  along  the  left  upstream  part  of  the  outlet  pipe.  Note  the  lift  layers 
at  the  base  of  the  left  wall  that  are  defined  by  differing  material  colors. 

Photograph  by  L.  Parish  4-10-97 


Photograph  7 Anita  Dam  - Blaine  County  - MT 

Erosion  extending  around  the  left  side  and  above  one  of  the  cutoff  collars.  The  only 
portion  in  contact  with  the  compacted  embankment  is  the  lower  right  side. 
Photograph  by  L.  Parish  4-10-97 


Photograph  8 Anita  Dam  - Blaine  County  - MT 

Photograph  showing  erosion  extending  beneath  one  of  the  cutoff  collars.  Note  riprap  that 
was  carried  back  into  the  tunnel. 

Photograph  by  L.  Parish  4-10-97 


Photograph  9 Anita  Dam  - Blaine  County  - MT 

Gap  of  about  Vz  inch  between  compacted  embankment  and  the  right  edge  of  the  second 
cutoff  collar  probably  caused  by  settlement  and  rotation  of  the  collar  after  erosion. 
Photograph  by  L.  Parish  4-10-97 


Photograph  10  Anita  Dam  - Blaine  County  - MT 

Gap  of  about  Vz  inch  at  the  contact  between  the  valve  control  riser  pipe  and  the  top  of  the 
embankment.  Depth  of  the  crack  could  not  be  determined. 

Photograph  by  L.  Parish  4-10-97 


Photograph  1 1 Anita  Dam  - Blaine  County  - MT 

Separation  along  lift  lines  where  they  are  exposed  above  the  top  of  the  first  cutoff  collar. 
They  have  sagged  downward  after  losing  support. 

Photograph  by  L.  Parish  4-10-97 


Photograph  12  Anita  Dam  - Blaine  County  - MT 

View  of  the  right  upstream  part  of  the  outlet  pipe  showing  compacted  embankment  in 
tight  contact  with  the  pipe.  Troxler  data  was  obtained  about  a foot  to  the  right  of  here. 
Photograph  by  L.  Parish  4-10-97 


Photograph  13  Anita  Dam  - Blaine  County  - MT 

Completing  Troxler  density  and  moisture  measurements  above  and  to  the  right  of  the 
outlet  pipe. 

Photograph  by  L.  Parish  4-10-97 


Photograph  14  Anita  Dam  - Blaine  County  - MT 

Picture  of  the  skid-mounted  still  camera  used  by  State  of  Montana  engineers  to 
photograph  the  interior  of  the  outlet  pipe. 

Photograph  by  L.  Parish  4-10-97 


Photograph  15  Anita  Dam  - Blaine  County  - MT 
View  of  the  creek  channel  downstream  from  Anita  Dam. 
Photograph  by  L.  Parish  4-10-97 


Photograph  16  Anita  Dam  - Blaine  County  - MT 

Small  depressions  on  the  reservoir  floor  upstream  from  the  dam.  The  largest  were 
slightly  over  a foot  across  and  a few  inches  deep. 

Photograph  by  L.  Parish  4-2-97 


€ 


Photograph  17  Anita  Dam  - Blaine  County  - MT 

View  toward  the  left  abutment  showing  the  heavy  igneous  rock  used  for  riprap.  It  appears 
to  be  of  sufficient  size,  durability,  and  gradation  to  protect  the  structure  from  wave  action. 
Photograph  by  L.  Parish  4-10-97 


Photograph  18  Anita  Dam  - Blaine  County  - MT 

Pile  of  material  excavated  from  test  pit  TP97-101  located  along  the  south  rim  of  the 
construction  borrow  area. 

Photograph  by  L.  Parish  4-10-97 


Photograph  19  Anita  Dam  - Blaine  County  - MT 

Pile  of  material  excavated  from  test  pit  TP97-102  located  along  the  south  rim  of  the 
construction  borrow  area. 

Photograph  by  L.  Parish  4-10-97 


Photograph  20  Anita  Dam  - Blaine  County  - MT 

Pile  of  material  excavated  from  test  pit  TP97-103  located  along  the  south  rim  of  the 
construction  borrow  area. 

Photograph  by  L.  Parish  4-10-97 


Photograph  21  Anita  Dam  - Blaine  County  - MT 

Material  from  test  pit  TP97-104  located  in  the  bottom  of  the  construction  borrow  area. 
Photograph  by  J.  Rogers  5-16-97 


Photograph  22  Anita  Dam  - Blaine  County  - MT 

Material  from  test  pit  TP97-105  located  in  the  bottom  of  the  construction  borrow  area. 
Photograph  by  J.  Rogers  5-16-97 
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Subject:  Corrected  drill  log. 

Please  insert  the  attached  corrected  drill  log  into  the  report  titled,  "Geotechnical  Investigations 
Report  of  the  Piping  Failure  of  Anita  Dam,"  by  Lovell  Parish,  dated  June  1997.  This  report 
was  mailed  to  you  early  last  week.  The  corrected  drill  log  should  replace  TP97-104  in 
Appendix  D.  It  corrects  the  percentage  25%  to  20%  on  the  second  line  in  the  description  of 
material  section. 
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. A 


J 


o 


o 


7-1  336  V\  (1-86) 

Bureau  of  Reclamation 


LOG  OF  TEST  PIT  OR  AUGER  HOLE 


FEATURE  AvVvVOi. 


AREA  DESIGNATION  VT  >^l  A>rg,<X 

COORDINATES  N E 


PROJECT 


HOLE  NO.  XP47-  idS 


Rx\\v  AYfc  \ 


GROUND  ELEVATION. 


■Yt-  1 


idojt\r>v\ 


APPROXIMATE  DIMENSIONS  4 ‘ X.  * 'X.  IQ* 

DEPTH  WATER  ENCOUNTERED  \J  Dry DATE  4-10-47  DATE(S)  LOGGED  4~lO  ~4~~7 


METHOD  OF  EXPLORATION 
LOGGED  BY  L.  ■ 


CLASSIFICATION 
GROUP 
SYMBOL 
(describe 
sample  taken) 


Cv. 


ij.Q  ^ 


Cl_ 


10.0  fV, 


CLASSIFICATION  AND  DESCRIPTION  OF  MATERIAL 
SEE  USBR  5000,  5005 


Q.o  -Vo  4.0  UMtv\  SAiOvO;  AVtoW  7 

U>\VV\  lo  tO  Aro  meAvwv'rt  ^ oJooW.  Zo°Pr> 

pveAovvV\vYX-N-vVV\j  v\e  SowvaA^  5%  -£lv\e,~Vo 

Cocw-x-b  t -v*  Vovjy.wA*A  0^s>e.\ (^re^y- 

'Y'ftisV;  ScWcWeA  cv^WW- 

Wvaxvwvwwn  6'vze-  ^ \ acWs  ■ uieWK  »oce*JV%ovi 
v0\\Vv  \\CA# 

O-^olo&vc  \MT«^RE.Tfln  10*^1  ftW\ 

Va\. 


4r0  "Vo  \0,0  VA  £>AkAO*^  CE.AK)  Ci-A^  ; AVx>os^75 
vOxVNv  a\v^vA  -Vo  \ou>  ^WAic-'A^  • cJv^ovJr  2.S  % w<l 

6<XvtA  'j  Vvyl.<t  e © Q-  "A\  we  tynsoJeA  ^ \ \ ^Vjt  V>  v-<3tO  v\  • vwot  t>\  j 
yy\olX\  vv\lywn  S\Z-^  — l ]!z,  \VAcX\es  • oOeovX,  y-^cvcA-\ov\ 

lo’\  W ACx, 

£>£OLO&\C  \?0re.<R.PR.^TAT\O{v}  *.  QwA^h-  WdOTM 
\ L<C  w oV  v-  \vVe  Se  A'v^xe  y\K  , 


Sg-g.  \ \A-Qg.*A-l<^gs^\o\AA l— OcqAaovs.  Aw 


% PLUS  3 in 
(BY  VOLUME) 


3 - 
5 
in 


5 - 
12 
in 


PLUS 

12 


REMARKS: 


Aclv^^A e^>  So  'iVs  6<xc\V6  O -Vo  4.0  V-V  o-v^A.  M'O  "Vo  4*0  V-V. 


1 J Report  to  nearest  0.1  foot 


GPO  849-366 


* 


A 


BureautfReclamation  LOG  0 F TEST  P 1 T OR  AUG  E R HO  LE  HOLE  NO  TPQ  7-101 

FEATURE  A n 
AREA  DESIGNA 
COORDINATES 
APPROXIMATE 
DEPTH  WATER  E 

Da.VY> PROJECT  Pip\vs^  \ vW \ o v>. 

TION  AaiaMa  EAritf.  oS-  ^?ViW«vO  j\re A.  GROI  INn  FI  F\/AT|ON  All  ft 

N ' E MFTHOD  OF  EXPLORATION  fVo:  \N  V\/0  g> . 

DIMENSIONS  4 ' X \Q*  X 4 ‘ LOGGED  BY  L.  'Rwi-sVt 

NCOUNTERED  1/  Dv~^  DATF  4-10-47  OATF(BI  1 OGGFD  4-10-47 

CLASSIFICATION 
GROUP 
SYMBOL 
(describe 
sample  taken) 

CLASSIFICATION  AND  DESCRIPTION  OF  MATERIAL 
SEE  USBR  5000,  5005 

% PLUS  3 in 
(BY  VOLUME) 

3 - 
5 
in 

5 - 
12 
in 

PLUS 

12 

in 

CL 

O.o  4-0  4.0  Qt  le AMCc/W  bOiTrt  San) 0:  4v>olv4  75%  Aivie* 
LO\VV\  Vou>  pVft.vV»©\4vj  ^LIdOmA  20  % pv-e2low%VvVLv\A^v|  "Civvc. 
$>6Lwi  * 0_\oolc\  5%  fiAt  4o  CoArSt  > V\d.v-<i  > &L*.'to'CowwA«u^ 

4o  ^NKLAieV • ViY-oui'o  - 4opSa\l -^'y^vvw  C4o  1.0 

44  ^ lvH  u3v\W  ioV\'i \e  *vvq-V\ \ \ SeXo u) 

1.0  At  * WVOvsA.  * VteA.\fy  C^v\^«e>*A'r*sJVvOvv.  oA  YYN\wt,>roAt5  - 
YAO^M^  P S VlV^n  0^ytXv,vwVe-S  ^ blocA\\} 

Ae-xAvoce,  Av-»wv  K o 4-o  4.o  At-  a>a-x\  wMA*Ars  S"\ ie.-Hl*v:Wy) 
s4v»w^  Y-e&xA.\uvL.  go  .4w  Rc\. 

£ £oUD&\<L  l NiTER-^R^TATi O Ni  Q uoA<.v~vvXS-^  O^WvtjS,  4-\W 

4r 

CX. 

<l.o« 

H.o  \o  4.o  At,  leaiU  £i_A4  LOrm  SAfOiO:  A'ooJs  ?s%4'wve^ 

\,OVaJ  \ C. ^ &,\oOy*3.  2 0 ^V-<lAoW\  t A \ V^-<L 

6<v«gS  *,  lOoolo4  S % \\  uct  4-o  Corxx-^i.  ( V\a.ytS  j S>G«Aov'Ou.w<ieA  *Vo 

'Cov-v^AeS  4vvvJfc-\  j Q*'0**) -SvovOvv  yntovsV  ^ £ C-o^Ate-ce  A 

G^^ftwSVs  Cy-LJ  sWVb  ^ IWOXV  WA.WO.Yry  £>'\Z£.  ~ 4 \ AtWt*!  ^ 

SVosw^  v-euvc-Vv  o lv.  uiiVx.  V\C\, 

£>Eol_o&\C  l K)Te9.PR.£TAT  lO  lO  *.  (^wxAe-vvvxs'^  ^W\«A  Ar\  V\ . 

4-c 

REMARKS: 

*.  So  Av»wn  OVo4.0  A-V.  "ToJo 

-Ayt?^  1 . S -Vo  4-0  A-t. 

N)oA-e.'.  v\<>4  U.S«.  v\v/iA  ev~ \<x\  4^0^  l.O-Vo  4.0^4  fc>eC<oJv.£>e.  v\V\  we.'ceAs. 

1/  Report  to  nearest  0.1  foot 


G PO  849-366 


Bureau  of (Recfamation  LOG  OF  TEST  PIT  OR  AUGER  HOLE  HOLE  NO.  TP47-  402. 

FEATURE  At A. 
AREA  DESIGNA' 
COORDINATES 
APPROXIMATE 
DEPTH  WATER  E 

vVdu  UOm . PROJECT  P'piiArjj  p7X:A\AVg-  1 

riON  £w.Alv  /Si  Ww-tfiaui  Avtfd.  OROllNn  FI  FVATION 

N E METHOD  OF  EXPLORATION  Pw  r_StLWr>  fe. 

DIMENSIONS  4 ‘ X |o‘  X 3.S'  IOGGEDRY  L. 

NCOUNTERED  17  Dv\j  DATE  4”  IQ  ~37  DATF(S)  1 OGGFD 

CLASSIFICATION 
GROUP 
SYMBOL 
(describe 
sample  taken) 

CLASSIFICATION  AND  DESCRIPTION  OF  MATERIAL 
SEE  USBR  5000,  5005 

% PLUS  3 in 
(BY  VOLUME) 

3 - 
5 
in 

5 - 
12 
in 

PLUS 

12 

in 

CL 

L.S  VV 

0.0  -Vo  C.S  Vt  LEIVkJ  CLA^  ubTV\  SAI CD:  AbosJt  75  ?>0Viwc5 
Ui'Vb.  \olO  p\ A£>V-vC-\  Ajoo  wV  20  Vi  vl  t 

^A-vnA^  cJtoot^A  5 % V'wl*.  -Vo  Coc^^e. , Vw«-A  > S 0A0 x-o ^vaA«l«A 

-Vo  '‘-Ov.WsAe.A  ^VCO^«-N  ^ Lvt>VvlV\  “ VY"»©sV\\J  Vop-oO\\  O 

“Vo  1.0  Vt  lj  CbrOo^  u)iVW  toVvsVe.  Spo\-b  o.v^  5o^\t 

WvoWNtw^  Vravw  Lo  V©  2.0  W • ^‘vx^A 

'Ox-ouj  vx  Vv~o  w>  2.0  -Vo  (o.SVV*  'oNoc-NC'j  Ve*Vvor<L  V'ra w-* 

Lo  -Vo  2.0  Vv  • SC^Me>reA  £>rv}*bW\e>  j 

W\0'\  S'V  ' mc^X^  v\\.Vh.w\  s ivVaAve^)  5 \vok>^ 

V“€AO-V\ovv.  vO'VW  V\CA. 

2.£olo<S\C  \ rOTE.RPP.'c.T  AT  vo\N  : Q vw«^  -VAN 

■br 

Cl 

q.s-PL 

V©  VS  VV  CAOcW  LEAlC  Cl/V}*.  4>o%  V\we^> 

lo’vVV  sYs^W  -Vo  S©^>  ^W>VvoA>j  ^ Mo*% 

ip'reJAo\^-v\  vw>\\N.>j  ^ v^-e-  | \ c^W\  V> v-o  ^ ywov-sV^ 

VYvCLxN  w\vxw\  S\2.e.-  Co<c*.v-s,e.  SfXwA  ^ uiejxVL  Vo  y>xoAa.ny^V«, 
VCCccVt  O W LO  i \Vl  WIN  . 

<&1ex>l-0£»VC  \ ■ Q WxV or vvC*o^sj  IfVA.vuA'V'-vvvX, 

StC^x  VvS.fc.vOC 

\ V-VvJA<TvO  aA LivS  LoCO^Vvqsa. 

REMARKS: 

CoL*\\p\«,s  5o  lb  C)  Vo  4>.S  VV  A C>-S  "Vo  V.S  VV. 

1 J Report  to  nearest  0.1  foot 


GPO  849-366 


7-1336-A  (1-86) 

Bureau  of  Reclamation 


LOG  OF  TEST  PIT  OR  AUGER  HOLE 


FFATI1RF  A/uVx. 


HOLE  NO.  T~P  °\1~  tf>3 


,yy^ 


PROJECT 


Pdi'Aiore.  \vA\J^^-V^irv\; /->w 


AREA  DESIGNATION.<-y\iAW^Ay»  Qr>v~Cau±  /W-yyY  GROUND  ELEVATION.  £->\S 
COORDINATES  N Ut’  E METHOD  OF  FXPI  ORATION  ^XXC-VwWo<L 

APPROXIMATE  DIMENSIONS  LOGGED  BY  t—  . Pa.V  \-s\x 

DEPTH  WATER  ENCOUNTERED  1/  Dv»^  DATE  4~1Q  7 DATE(S)  LOGGED  *-)  -lf>  - *3  "7 


CLASSIFICATION 
GROUP 
SYMBOL 
(describe 
sample  taken) 


<2L 


_&_o  W 


du 


)\.oVV 


CLASSIFICATION  AND  DESCRIPTION  OF  MATERIAL 
SEE  USBR  5000,  5005 


0.0  -to  a.o  Vt.  OLA ^ V0\TV\  AuJr  75?0  Vx 

vO'VW.  Vovo  \ sj  j cOoo  la3c  2-0  ^v^<V:>vyx»'^£l.vvV.V'^ 

4a  ^ *j  cOo  O vJc  5^o  4 \W€,  Vo  CcjcV^-£>£_  } VvXViV  , 

Su3aVow\\(V  eA  Vo  Ybi,vv>  A €.3  ^VSXxieA^  \>>Co<jOv\  — WyOsYta 

Vy^><34>\\  ^YOWS  O Vo  \ • S 4v  J ^Y-tL'-)  LOvVU.  XdWvYc  S'poVs 

Ay-own  PS  Vo  3>0  VV  - VYANWevroA  vz-eA  Zov\e  ^ O^rrXNj  <Xv\A 

VY\  \ X.<°  /\  vv\  3.o  Vo  &.o  Vv  • WAO  \ sV  * VYV\XY»W.\a4y 

S'^e-  S 'wv3\e*b  * dVv&vs.^  veA^-V\6vv  VW  \\CA. 

deoLo  £ac  i iOth.rPR^l'Ta't  void  ; ftv^VV) 

0 A VAX  OvVY^ovWg,  VTWXL6 

IccCwbVt'xvve  d€.A‘\  wNevATTS 


g.oVo  IPoVt  IE  Ad  ClaV  uivmSAdO;  A\oou3  75%,-Vk^ 

U)\ArW  WxO  Ao  v^Ntt.A‘v.s*_vNN  p\ooc>V\C_-\V^  • adoot-A.  20  7^, 

p ve Ao v*sW VA-vsVN^  Vv  vxe  S^X-vnA^  cJv30laV  5 Vvvxc  Vo 
CLO> iX'Y'S  £-  ^ \ A <-?  Vf— . t.t  . v A V ^ \ * 

X~ \A vj  ^x~tXNJ  j VWO^ST  ^ v\vww\tx‘ow'.*>  ^Vjp'bL^VYY 
W\xs\w\w.w\  SvZ<2-“  S l Wr3vv<°,S  * \YO 

Ve-^vi'_A  \ O v\.  uO  ' vw  v\c\. 

(~>£xAj>  Qs\C  ^jre^^YL^TATVOid:  (Av^Aevrvwvv^ 


% PLUS  3 in 
(BY  VOLUME) 


3 - 
5 
in 


*Vm 


\\W . 


5 - 

12 


PLUS 

12 

in 


REMARKS: 

d(Xv\\p\e/.  dv\<.  So  \\a  lao-^V- Vv-t)w>  0 Vo  3.0  VV. 


1 J Report  to  nearest  0.1  foot 


GPO  849-366 


c 


APPENDIX  E 

POST-FAILURE  LABORATORY  TEST  DATA 


C 


PHYSICAL  PROPERTIES  TESTS 


April  25,  1997 

F:\WP\1 1 \M1 451 1 5\JDL01 289.  DOC 


Mr.  Lovell  Parish 
U.S.  Bureau  of  Reclamation 
P.O.  Box  36900 
Billings,  MT  59107-6900 

RE:  Anita  Dam  Materials  Testing  (Call  #5) 

Dear  Lovell: 

Enclosed  are  the  results  of  tests  performed  on  the  five  (5)  soil  samples  that  were  delivered  to  our 
lab  on  April  14,  1997. 

As  requested,  natural  moisture  content  testing  was  only  performed  on  samples  #11812  and 
#11813. 

Should  you  have  any  questions  or  comments,  please  contact  us  at  your  convenience. 

Sincerely, 

MSE-HKM,  Inc. 

&v/('WL 

Randy  Fincher 
Lab  Manager 

RF/jdl 

Enclosures 


« 


HKill 

Engineering 

MSE  - HKM,  Inc. 

2727  Central  Avenue 
R O.  Box  31318 
Billings,  MT  59107-1318 
(406)  656-6399 
FAX  (406)  6566398 


Other  Offices:  Bozeman,  MT  (406}  58643834  Butte,  MT  (406]  723-8213 


Butte  Laboratory  (406)  494-1502 


Helena,  MT  (406)4492335 


Miles  City  MT  (406)  232-6666  Sheridan,  WY  (307)  672-9006 


• • e 

Bureau  of  Raciamitton  SUMMARY  OF  PHYSICAL  PROPERTIES  TEST  RESULTS  (Proctor  Compaction) 

Table:  5 

Project:  Anita  Dam  - Blaine  County,  Montana Feature: Sheet  1 of  1 


IDENTIFICATIO 

N 

PARTICLE-SIZE  FRACTIONS 

CONSISTENCY  LIMITS 

SPECIFIC  GRAVITY 

COMPACTION  TEST 

SAMPLE  NUMBER 

HOLE  NUMBER 

DEPTH  - Feet 
(m) 

CLASSIFICATION  SYMBOL 

SMALLER  THAN  0.005  mm 

0.005  TO  0.074  mm 

SAND  NO.  200(0.074  mm 
TO  NO.  4(4.76  mm) 

GRAVEL  NO.  414.76  mml 
TO  3 IN. (76.2  mm) 

COBBLES  3 IN. 176.2  mml 
TO  5 IN. (127  mm) 

OVERSIZE  LARGER 
THAN  5 IN. (127  mm) 

LIQUID  LIMIT -% 

PLASTICITY  INDEX -% 

SHRINKAGE  LIMIT -% 

MINUS  NO.  4 

BULK -PLUS  NO.  4 

APPARENT- PLUS  NO.  4 

ABSORPTION-PLUS  NO.  4 % 

MAXIMUM  DRY  DENSITY  - 
pcf  (gm/cm3) 

OPTIMUM  WATER 
CONTENT -% 

PENETRATION 
RESISTANCE  - PSI 

11812 

SAMPLE  #3 

N/R 

CL 

46.9 

28.5 

22.1 

2.5 

0.0 

46 

32 

105.2 

19.3 

11813 

SAMPLE  #4 

N/R 

CL 

47.3 

29.0 

22.0 

1.7 

0.0 

46 

32 

105.2 

18.3 

11814 

SAMPLE  #5 

N/R 

CL 

44.0 

32.4 

22.0 

1.6 

0.0 

45 

32 

105.7 

17.0 

11815 

TP-105 

0.0'-  4.0' 

CL 

48.4 

28.3 

20.8 

2.5 

0.0 

46 

31 

11816 

TP-105 

4.0'-  9.0’ 

CL 

34.1 

39.9 

23.7 

2.3 

0.0 

34 

20 

NOTE:  Numbers  in  parentheses  are  metric  equivalents  of  numbers  directly  above. 


PARTICLE  SIZE  DISTRIBUTION  TEST  REPORT 


100 

90 

80 

70 

cc 

Ld 

H 60 

li. 

z 50 
u 
u 
cl 

u 40 

CL 

30 

20 

10 

0 


C 

<o 


c 

C c C 

• CN  — — — 

•£>.£*  N « 

CN  I n"  ro 


O O 
■*  O 
— CN 


200  100 


10.0 


1.0  0.1 
GRAIN  SIZE  - mm 


0.01 


0.001 


Test 

% +3" 

% GRAVEL 

% SAND 

% SILT 

% CLAY 

uses 

LL 

PI 

• 

8 

O 

O 

2 . 5 

22 . 1 

28 . 5 

46 . 9 

CL 

46 

32 

SIEVE 

i nches 
s i ze 

PERCENT  FINER 

• 

3 

1 . 5 
0.75 
0.375 

100.0 

98.9 

98.6 

98.0 

x 

GRAIN  SIZE 

°60 
D 30 
D10 

COEFFICIENTS 

Cc 

Cu 

SIEVE 

number 
s i ze 

PERCENT  FINER 

• 

4 

97 . 5 

8 

96.8 

1 6 

96 . 2 

30 

95 . 3 

50 

92 . 5 

100 

85.0 

200 

75 . 4 

Sample  information: 

• Samp  I e #3 
Lean  clay  with  sand 


Remarks : 

Samp  1 ed  by 

cl  i en  t 

Lab#  11812 

Na  t . Mo i s t 

17.7% 

MSE-HKM,  INC 


Project  No.:  11M145.115 
Project:  U.S.B.R.-  Anita  Dam 

Date:  04—28—97 


Fig.  No . 


GRAIN  SIZE  DISTRIBUTION  TEST  DATA 


Test  No . : 8 


D*te:  04-28-97 
* jject  No.:  11M145.115 

Project:  U.S.B.R.-  Anita  Dam 


Sample  Data 


Location  of  Sample:  Sample  #3 

Sample  Description  1:  Lean  clay  with  sand 

Sample  Description  2: 

USCS  Class:  CL  Liquid  limit:  46  Plasticity  index:  32 


Notes 


Remarks:  Sampled  by  client  Lab#  11812 
Nat.  Moist.  17.7% 

Fig.  No. : 1 

Mechanical  Analysis  Data 


Sieve 

Size,  mm 

Percent  finer 

3 

inches 

76.20 

100.0 

1.5 

inches 

38.10 

98.9 

0.75 

inches 

19.05 

98 . 6 

0.375 

inches 

9.53 

98 . 0 

A4 

4.750 

97.5 

W8 

2 .360 

96.8 

# 16 

1.180 

96.2 

# 30 

0.600 

95.3 

# 50 

0.300 

92 . 5 

# 100 

0.150 

85.0 

# 200 

0.075 

75.4 

Hydrometer  Analysis  Data 


Size,  mm 

Percent  finer 

0 . 0370 

74 . 1 

0.0190 

62 . 0 

0.0090 

52.9 

0.0050 

46.9 

0.0020 

37.8 

Fractional  Components 


Gravel/Sand  based  on  #4  sieve 
Sand/Fines  based  on  #200  sieve 

% + 3 in.  = 0.0  % GRAVEL  = 2.5  % SAND  = 22.1 

% SILT  =28.5  % CLAY  = 46.9 

D85=  0.15  D60=  0.017  D50=  0.007 

€ 


PARTICLE  SIZE  DISTRIBUTION  TEST  REPORT 


200  100 


10.0 


1.0  0.1 
GRAIN  SIZE  - mm 


0.01 


0.001 


Test 

% +3" 

% GRAVEL 

% SAND 

% SILT 

% CLAY 

uses 

LL 

PI 

• 

9 

O 

o 

1 .7 

22.0 

29.0 

47.3 

CL 

46 

32 

SIEVE 

i nches 
s i ze 

PERCENT  FINER 

• 

1 .5 
0.75 
0.375 

100.0 
99.3 
98 . 7 

GRAIN  SIZE 

D60 
D 30 
D10 

COEFFICIENTS 

Cc 

Cu 

SIEVE 

number 
s i ze 

PERCENT  FINER 

• 

4 

98 . 3 

8 

97 . 7 

16 

96.7 

30 

95.5 

50 

92.6 

1 00 

85 . 3 

200 

76.3 

Sample  information: 

• Samp  I e #4 

Lean  clay  with  sand 


Rema  rks : 

Sampled  by  cl ient 

Lab#  11813 

Na  t . Mo i s t . 17.1% 


MSE-HKM,  INC 


Project  No.:  11M145.115 
Project:  U.S.B.R.-  Anita  Dam 

Date:  04-28-97 


Fig.  No. : 2 


GRAIN  SIZE  DISTRIBUTION  TEST  DATA  Test  No.:  9 


Date:  04-28-97 

ojectNo.:  11M145.115 
Project:  U.S.B.R.-  Anita  Dam 


Sample  Data 


Location  of  Sample:  Sample  #4 

Sample  Description  1:  Lean  clay  with  sand 

Sample  Description  2: 

USCS  Class:  CL  Liquid  limit:  46  Plasticity  index:  32 


Notes 

Remarks:  Sampled  by  client 
Nat.  Moist.  17.1% 
Fig.  No. : 2 

Lab#  11813 

Mechanical  Analysis  Data 

Sieve 

Size,  mm 

Percent  finer 

1.5 

inches 

38.10 

100.0 

0.75 

inches 

19.05 

99.3 

0.375 

inches 

9.53 

98.7 

# 4 

4.750 

98.3 

* 8 

2 .360 

97.7 

V 16 

1.180 

96.7 

# 30 

0.600 

95.5 

# 50 

0.300 

92.6 

# 100 

0.150 

85.3 

# 200 

0.075 

76.3 

Hydrometer  Analysis  Data 

Size,  mm 

Percent  finer 

0.0370 

73.2 

0.0190 

64.0 

0.0090 

53.4 

0.0050 

47.3 

0.0020 

36.6 

Fractional  Components 


Gravel/Sand  based  on  #4  sieve 
Sand/Fines  based  on  #200  sieve 

% + 3 in.  = 0.0  % GRAVEL  = 1.7  % SAND  =22.0 

% SILT  =29.0  % CLAY  =47.3 

D85=  0.15  D60=  0.015  D50=  0.007 


c 


PARTICLE  SIZE  DISTRIBUTION  TEST  REPORT 


c 

CM 


100 

90 

80 

70 

cr 

u 

H 60 
L. 

z 50 

u 

a 

CL 

LlI  40 

a. 

30 

20 

10 

0 


” \ \ \ 

^ to  _ ro 


o 


o 

CN 

=*= 


O O 

■«r  to 

=*=  =*= 


o o 
N-  o 

*-  CN 


200  100 


10.0 


1.0  0.1 
GRAIN  SIZE  - mm 


0.01 


0.001 


Test 

% +3" 

% GRAVEL 

% SAND 

% SILT 

% CLAY 

uses 

LL 

PI 

• 

10 

O 

O 

1 . 6 

22.0 

32 . 4 

44.0 

CL 

45 

32 

SIEVE 

i nches 
s i ze 

PERCENT  FINER 

• 

1 .5 
0.75 
0.375 

100.0 

99.8 

99.0 

GRAIN  SIZE 

D60 

°30 

D10 

x 

COEFFICIENTS 

Cc 

Cu 

SIEVE 

number 
s i ze 

PERCENT  FINER 

• 

4 

98 . 4 

8 

97.9 

16 

97 . 2 

30 

96 . 2 

50 

93 . 1 

1 00 

85.9 

200 

76 . 4 

Sample  information: 

• Samp  I e #5 

Lean  clay  with  sand 


Rema  r ks : 

Sampled  by  cl ient 
Lab  #11814 


Project  No.:  1 1 M 1 45 .115 

MSE-HKM , INC . 

Project:  U.S.B.R.-  Anita  Dam 

Date:  04-28-97 

Fig.  No . 

3 

GRAIN  SIZE  DISTRIBUTION  TEST  DATA 


Test  No. : 10 


Date:  04-28-97 
roject  No.:  11M145.115 
Project:  U.S.B.R.-  Anita  Dam 


Sample  Data 


Location  of  Sample:  Sample  #5 

Sample  Description  1:  Lean  clay  with  sand 

Sample  Description  2: 

USCS  Class:  CL  Liquid  limit:  45  Plasticity  index:  32 


Notes 

Remarks:  Sampled  by  client 
Fig.  No. : 3 

Lab  #11814 

Mechanical  Analysis  Data 

Sieve 

Size,  mm 

Percent  finer 

1.5 

inches 

38.10 

100.0 

0.75 

inches 

19.05 

99.8 

0.375 

inches 

9.53 

99.0 

# 4 

4.750 

98.4 

* 8 

2 .360 

97.9 

16 

1.180 

97.2 

# 30 

0.600 

96.2 

# 50 

0.300 

93.1 

# 100 

0.150 

85.9 

# 200 

0.075 

76.4 

Hydrometer  Analysis  Data 


Size,  mm 

Percent  finer 

0.0370 

69.8 

0.0190 

62.1 

0.0090 

51.7 

0.0050 

44 . 0 

0.0020 

36.2 

Fractional  Components 


Gravel/Sand  based  on  #4  sieve 
Sand/Fines  based  on  #200  sieve 

% + 3 in.  = 0.0  % GRAVEL  = 1.6  % SAND  = 22.0 

% SILT  =32.4  % CLAY  =44.0 

D85=  0.14  D60=  0.016  D50=  0.008 


c 


PARTICLE  SIZE  DISTRIBUTION  TEST  REPORT 


100 

90 

80 


70 

oc 

u 

H 60 
Ll 

z 50 

Ld 

a 

Ul  40 

CL 


30 

20 

10 


C 

<£> 


0 

200  100 


10.0 


1.0  0.1 
GRAIN  SIZE  - mm 


0.01 


0.001 


Test 

% +3" 

% GRAVEL 

% SAND 

% SILT 

% CLAY 

uses 

LL 

PI 

• 

1 1 

O 

O 

2 . 5 

20.8 

28 . 3 

48 . 4 

CL 

46 

31 

SIEVE 

i nches 
s i ze 

PERCENT  FINER 

• 

3 

1 .5 
0 . 75 
0.375 

100.0 
99 . 3 
98.5 
98.0 

x 

GRAIN  SIZE 

D60 

D30 

D10 

x 

COEFFICIENTS 

o o 

C 0 

SIEVE 

number 
s i ze 

PERCENT  FINER 

• 

4 

97.5 

8 

97 . 0 

16 

96 . 4 

30 

95.5 

50 

92.9 

100 

85 . 7 

200 

76.7 

Sample  information: 

• TP-105  @ 0.0'  - 4.0' 
Lean  clay  with  sand 


Rema  r ks  : 

Sampled  by  cl ient 
Lab#  11815 


MSE-HKM,  INC 


Project  No.:  11M145.115 

Project:  U.S.B.R.-  Anita  Dam 

Date:  04-28-97 


Fig.  No . : 4 


GRAIN  SIZE  DISTRIBUTION  TEST  DATA 


Test  No. : 


11 


Date:  04-28-97 
-oject  No.:  11M145.115 
Project:  U.S.B.R.-  Anita  Dam 


Sample  Data 


Location  of  Sample:  TP-105  @ 0.0'  - 4.0' 

Sample  Description  1:  Lean  clay  with  sand 
Sample  Description  2: 

USCS  Class:  CL  Liquid  limit:  46  Plasticity  index:  31 


Notes 

Remarks:  Sampled  by  client 
Fig.  No. : 4 

Lab#  11815 

Mechanical  Analysis  Data 

Sieve 

Size,  mm 

Percent  finer 

3 

inches 

76.20 

100.0 

1.5 

inches 

38.10 

99.3 

0.75 

inches 

19.05 

98.5 

0.375 

inches 

9.53 

98.0 

« 4 

4.750 

97.5 

„ 8 

2 .360 

97 . 0 

# 16 

1.180 

96.4 

# 30 

0.600 

95.5 

# 50 

0.300 

92.9 

# 100 

0.150 

85.7 

# 200 

0.075 

76.7 

Hydrometer  Analysis  Data 

Size,  mm 

Percent  finer 

0.0370 

73.5 

0.0190 

63.5 

0.0090 

53.4 

0.0050 

48.4 

0.0020 

36.7 

Fractional  Components 


Gravel/Sand  based  on  #4  sieve 
Sand/Fines  based  on  #200  sieve 

% + 3 in.  = 0.0  % GRAVEL  = 2.5  % SAND  = 20.8 

% SILT  =28.3  % CLAY  =48.4 

D85=  0.14  D60=  0.015  D50=  0.006 


€ 


€ 


PARTICLE  SIZE  DISTRIBUTION  TEST  REPORT 


100 

90 

80 

70 

on 

u 

H 60 

Li_ 

2 50 

u 

a 

l±J  40 

CL 

30 
20 
1 0 
0 


C 

<o 


c 

CN 


< Cl «“ 

m .C  ro 


o o 
o 

— (N 
=*=  =»= 


200  100 


10.0 


1.0  0.1 
GRAIN  SIZE  - mm 


0.01 


0.001 


Test 

% +3" 

% GRAVEL 

% SAND 

% SILT 

% CLAY 

uses 

LL 

PI 

• 

12 

O 

O 

2.3 

23 . 7 

39.9 

34. 1 

CL 

34 

20 

SIEVE 

i nches 
s i ze 

PERCENT  FINER 

• 

1 .5 
0.75 
0.375 

100.0 

99.3 

98 . 4 

x 

GRAIN  SIZE 

D60 
D 30 
D10 

0 . 0035 

COEFFICIENTS 

Cc 

Cu 

SIEVE 

number 
s i ze 

PERCENT  FINER 

• 

4 

97.7 

8 

97 . 4 

16 

96.8 

30 

95 . 7 

50 

93.0 

1 00 

85.6 

200 

74.0 

Sample  information: 

# TP-105  @ 4.0 1 -9.0' 
Lean  clay  with  sand 


Rema  r ks : 

Sampled  by  cl ient 
Lab#  11816 


MSE-HKM , INC . 


Project  No.:  1 1 M 1 45 .115 
Project:  U.S.B.R.-  Anita  Dam 

Date:  04-28-97 


Fig.  No . : 5 


GRAIN  SIZE  DISTRIBUTION  TEST  DATA 


Test  No. : 12 


Date:  04-28-97 
roject  No.:  11M145.115 
Project:  U.S.B.R.-  Anita  Dam 


Sample  Data 


Location  of  Sample:  TP-105  @ 4.0'  - 9.0' 

Sample  Description  1:  Lean  clay  with  sand 
Sample  Description  2: 

USCS  Class:  CL  Liquid  limit:  34  Plasticity  index:  20 


Notes 

Remarks:  Sampled  by  client 
Fig.  No. : 5 

Lab#  11816 

Mechanical  Analysis  Data 

Sieve 

Size,  mm 

Percent  finer 

1.5 

inches 

38.10 

100.0 

0.75 

inches 

19.05 

99.3 

0.375 

inches 

9.53 

98.4 

# 4 

4.750 

97.7 

a 4 8 

2.360 

97.4 

W 16 

1.180 

96.8 

# 30 

0.600 

95.7 

# 50 

0.300 

93.0 

# 100 

0.150 

85.6 

# 200 

0.075 

74 . 0 

Hydrometer  Analysis  Data 

Size,  mm 

Percent  finer 

0.0370 

69.7 

0.0190 

54.2 

0.0090 

41.8 

0.0050 

34.1 

0.0020 

23.2 

Fractional  Components 


Gravel/Sand  based  on  #4  sieve 
Sand/Fines  based  on  #200  sieve 

% + 3 in.  = 0.0  % GRAVEL  = 2.3  % SAND  = 23.7 

% SILT  =39.9  % CLAY  =34.1 

D85=  0.14  D60=  0.024  D50=  0.015 

D30=  0.0035 
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MOISTURE-DENSITY  RELATIONSHIP  TEST 

1 10 
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95 
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Z AV  for 
Sp . G . = 
2.65 

12.5  15  17.5  20  22.5  25  27 

Water  content,  % 

Test  specification:  USBR  5500 

.5 

E 1 ev/ 
Depth 

C 1 ass i f i ca  t i on 

Na  t . 

3 i s t . 

Sp.G. 

LL 

PI 

% > 
No  . 4 

% < 

No. 200 

uses 

AASHTO 

M 

CL 

17.1  % 

N/T 

46 

32 

1.7% 

76.3  % 

TEST  RESULTS 

MATERIAL  DESCRIPTION 

Maximum  dry  density  = 105.2  pc f 
Optimum  moisture  = 18.3  % 

Lean  Clay  wi th  Sand 

Project  No.:  1 1 M 1 45 .115 
Project:  Anita  Dam 
Location:  Sample  #4 

Date:  04-24-97 

Rema  r ks : 

Lab  # 11813 
Sampled  by  Cl ient 
Specific  gravity  assumed 

Fig.  No . 7 

j MOISTURE-DENSITY  RELATIONSHIP  TEST 

MSE-HKM , INC. 

MOISTURE-DENSITY  RELATIONSHIP  TEST 


o 

a 


v> 

c 
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V 

X 

L. 
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10 


12.5 


15  17.5 

Water  content 


20 


22.5 


ZAV  for 
Sp  . G . = 
2.65 
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Test  specification:  USBR  5500 

E 1 ev/ 
Depth 

C 1 ass i f i ca  t i on 

Na  t . 
Moist. 

Sp.G. 

LL 

PI 

% > 
No  . 4 

% < ! 

No. 200 ! 

uses 

AASHTO 

CL 

N/T  % 

N/T 

45 

32 

1.6% 

1 

76.4  %\ 

TEST  RESULTS 

MATERIAL  DESCRIPTION 

Maximum  dry  density  = 105.7  pcf 
Optimum  moisture  = 17.0  % 

1 

Lean  Clay  with  Sand 

f 

' 

i 

Project  No.:  11M145.115 

Rema  rks : 

Project:  Anita  Dam 

Lab  # 11814 

Location:  Sample  #5 

Samp  led  by  Client 

Specific  gravity  assumed 

Date:  04-24-97 

MOISTURE-DENSITY  RELATIONSHIP  TEST 

j 

MSE-HKM , INC. 

Fig.  No . 8 

DISPERSIVE  CLAY  TESTS 


Maxim 

600  South  25th  Street 
n 0 Box  30615 

Gigs,  MT  59107 
j6)  248-9161 
FAX  (406)  248-9282 


TECHNICAL  REPORT 


REPORT  TO:  ATTN:  GREG  BERGUM 

BUREAU  OF  LAND  MANAGEMENT 
1 1 1 GARRYOWEN  ROAD 
MILES  CITY,  MT  59301 

REPORT  OF:  Laboratory  Testing  - Anita  Dam 


DATE:  April  18,  1997 

JOB  NUMBER:  5509702120 

SHEET:  1 of  1 


SAMPLE  IDENTIFICATION: 

On  April  14,  1997,  we  received  two  soil  samples  from  the  subject  site  with  instructions  to  perform  a pinhole 
dispersion  test  and  a crumb  test  on  each  sample.  The  tests  were  prepared  and  performed  in  general  accordance  with 
the  test  procedures  summarized  below. 

Test  Standard 

Pinhole  Dispersion  Test  ASTM  D4647-87  (method  B) 

Corp  of  Engineers  Manual 
EM- 1 10-2-1906  Appendix  XIII 


C 


Crumb  Test 


The  test  results  are  included  on  the  attached  table.  If  you  have  any  questions  regarding  this  report  or  if  v/e  can  be 
of  any  further  service,  please  us. 


Reviewed  by 


Attachment 

ba 

n\geotech\2120-2.rpt 


As  a mutual  protection  to  clients,  the  public  and  ourselves,  all  reports  are  submitted  as  the  confidential  property  of  our  clients  and  authorization 
for  publication  of  statements,  conclusions  or  extracts  from  or  regarding  our  reports  is  reserved  pending  our  written  approval.  Test  results  apply 
specifically  to  the  samples  tested  only.  The  entire  report  shall  not  be  reproduced,  except  in  full,  without  the  written  approval  of  the  laboratory. 
Samples  will  be  disposed  of  after  testing  is  completed  unless  other  arrangements  are  agreed  to  in  writing. 


ANITA  DAM  TEST  RESULTS 


Sample 

Remolded  Dry 

Dry 

Hydraulic 

Final  Cloudiness 

Final  Pinhole 

Dispersive 

Crumb  Test 

Identification 

Densitv(Dcf) 

Content(%) 

Head(  inches) 

of  Fluid 

Diameter(mm) 

Classification 

Classification 

TP  101  l.5’-4.0’ 

113.0 

8.7 

7 

medium  to  dark 

2.0 

Slighty  Dispersive,  SD 

Possible  Dispersion  Problem 

No.  3 

95.4 

19.2 

7 

medium  to  dark 

2.5 

Sliglity  Dispersive,  SD 

Definite  Dispersion  Problem 

Maxim  Technologies,  Inc. 


Maxim 

600  South  25th  Street 
° 0 Box  30615 
Kings,  MT  69107 
.406)  248-9161 
FAX  (406)  248-9282 


TECHNICAL  REPORT 


REPORT  TO:  ATTN:  GREG  BERGUM 

U.S.  DEPARTMENT  OF  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 
P O BOX  36800 
BILLINGS  MT  59107-6800 


DATE: 

JOB  NUMBER: 
SHEET: 
INVOICE  NO.: 


April  18, 1997 
93-925-1 
1 of  3 
040443 


REPORT  OF:  Soil  Analysis  - Anita  Dam 


SAMPLE  IDENTIFICATION: 


On  April  14, 1997,  these  soil  samples  (laboratory  numbers  182747  and  182748)  were  received  in  our  laboratory 
for  analysis.  Tests  were  conducted  in  accordance  with  U.S.  Department  of  Agriculture  Handbook  No.  60, 
"Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils". 

The  condition  of  the  samples  upon  receipt  at  the  laboratory  is  noted  on  the  attached  sample  receipt  checklist. 


The  results  of  the  analyses  are  shown  on  the  following  pages. 

received 

* r'r'  7 1 ^7 

m.  j.  ...  ai. 

ttwsr?.;*  4.- : 

LEWBT0«rH.  MWRA 


cc:  USDI  Bureau  of  Land  Management 

111  Garryowen  Road 
Miles  City,  MT  59301 

Nick  Lewallen  - Billings 


Attachments:  Sample  Receipt  Checklist 

caj 


As  a mutual  protaction  to  clients,  the  public  and  ourselves,  all  reports  are  submitted  as  the  confidential  property  of  our  clients  and  authorization 
for  publication  of  statements,  conclusions  or  extracts  from  or  regarding  our  reports  is  reserved  pending  our  written  approval.  Test  results  apply 
specifically  to  the  samples  tested  only.  The  entire  report  shall  not  be  reproduced,  except  in  full,  without  the  written  approval  of  the  laboratory. 
Samples  will  be  disposed  of  after  testing  is  completed  unless  other  arrangements  are  agreed  to  in  writing. 


Page 


2 


Client  Name: 
Project  Mo.: 
Laboratory  No.: 
Sample  Name: 
Sample  Date: 
Collected  by: 
Time  Sampled: 
Sample  Type: 


USD  I BUREAU  OF  LAND  MANAGEMENT  - MILES  CITY 

93-925-1 

182747 

TP  101  1. 5-4.0 
NONE  GIVEN 
NONE  GIVEN 
NONE  GIVEN 
SOIL 


PARAMETER 


MEASURED  METHOD  DATE 

VALUE  NUMBER  ANALYZED 


SOIL 

Electrical  Conductivity  Saturated  Pe3te 
Sodium  Absorption  Ratio 


7.40 

mmhos/cm 

3a 

04/16/97 

14.4 

20b 

04/16/97 

j 


RECEIVED 


Sk.*..  m. 

LEWIS  ■ ■ w 


Maxim  Technologies,  Inc. 
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Page 


3 


Client  Name: 
Project  No.: 
Laboratory  No. : 
Sample  Name: 
Sample  Date: 
Collected  by: 
Time  Sampled: 
Sample  Type: 


USD  I BUREAU  OF  LAND  MANAGEMENT  - MILES  CITY 

93-925-1 

182748 

NO.  3 

NONE  GIVEN 

NONE  GIVEN 

NONE  GIVEN 

SOIL 


PARAMETER 


MEASURED  METHOD  DATE 

VALUE  NUMBER  ANALYZED 


SOIL 


Electrical  C"»yi'ctivi ty  Saturated  Pr.ste 
Sodiun  Absorption  Ratio 


9.03  mmhiis/cm 

19.2 


3a  04/16/97 

20b  04/16/97 


& E C e ? V e 0 


' "I. 

P'TV  j „ . .jjapr 

mm 


Maxim  Technologies,  Inc. 
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MAXIM 


SAMPLE  RECEIPT  CHECKLIST 


lient  Name  '{kJ/L  A/J/i  P/A-flUi/ 


Project 

0.)[(h  Ivin) 

Laboratory  number(s) 

173  *7 

Checklist  completed 
by: 

'///f 

Initials 

/ Date 

YES 

NO 

YES  NO 

1. 

Shipping  container  in  good  condition? 

Mr 

16. 

All  samples  rec’d  within  holding  time? 

k d- 

Preservation 

2. 

Custody  seals  present  on  shipping 
container? 

A; 

■A 

17. 

18. 

pH  check  performed  by: 
Metals  bottle(s)  pH  <2? 

3. 

Condition:  Intact  Broken 

k^r 

19. 

Nutrient  bottle(s)  pH  <2? 

/ 

4. 

Chain  of  custody  present? 

— 

20. 

Cyanide  bottle(s)  pH  >12? 

1- 

5. 

Chain  of  custody  signed  when 
relinquished  and  received? 

LJ 

Jr 

21. 

Sulfide  bottle(s)  pH  >9? 

\ 

\ 

6. 

Chain  of  custody  agrees  with 
sample  labels? 

k> 

j4 

22. 

Oil  & grease  bottle(s)  pH  <2? 

7. 

Custody  seals  on  sample  bottles? 

— 

23. 

TOC  bottle(s)  pH  <2? 

j- 

8. 

Condition:  Intact  Broken 

24. 

DRO/418.1  bottle(s)  pH  <2? 

9. 

Samples  in  proper  container/bottle? 



25. 

Phenolics  bottle(s)  pH  <2? 

aJ 

10. 

Samples  intact? 

— 

26. 

Volatiles  (VOA)  pH  <2? 
(VOA  pH  checked  by  analyst) 

kk 

11. 

Sufficient  sample  volume  for 
indicated  test? 

L— 



27. 

Client  contacted? 



12. 

VOA  vials  have  zero  headspace? 

A;- 

At 

28. 

Person  contacted 

29. 

Date  contacted 

13. 

Trip  Blank  received? 

14. 

Ice/Frozen  Blue  Ice  present 
in  shipping  container?  (circle  one) 

A' 

A 

30. 

Contacted  by 

31. 

Regarding? 

15. 

Container  temperature  1.  2. 

3 

Note:  Samples  may  be  affected  when  not  transported  at  the  temperature  recommended  by  the  EPA  for  the  test  you've  selected, 
.’lease  contact  the  lab  if  you  have  concerns  about  the  temperature  of  your  samples. 


COMMENTS: 


c 


9 3 "V  — / ( 


NORTHERN  TESTING  LABORATORIES,  INC. 


SUMMARY  OF  ENGINEERING  PROPERTIES  TESTS 


Project 


— ~y 

HiU  of  /-dr'J.  /vy  d y}  3 C,  s rn  c xT~/~ 

Anrrd  D a 


Job  No . > > O /<3  ^3.  / D-tlJ 

Date  Rec 1 d in  Lab 

Date  Tests  Complete 


NTL-FI -9 


Maxim 

600  South  25th  Street 
P 0 Box  30615 
Billings,  MT  59107 
(406)  248-9161 

FAX  (406)  248-9282 


97  ^ 2? 


TECHNICAL  REPORT 


REPORT  TO:  ATTN:  GREG  BERGUM 

BUREAU  OF  LAND  MANAGEMENT 
111  GARRYOWEN  ROAD 
MILES  CITY,  MT  59301 


DATE:  April  24,  1997 

JOB  NUMBER:  5509702120 

SHEET:  1 of  1 


REPORT  OF:  Laboratory  Testing  - Anita  Dam 


SAMPLE  IDENTIFICATION: 

On  April  21,  1997,  we  received  a soil  sample  from  the  subject  project  with  instructions  to  perform  a pinhole 
dispersion  test  and  crumb  test.  The  tests  were  prepared  and  performed  in  general  accordance  with  the  test 
procedures  summarized  below. 


TEST 


STANDARD 


Pinhole  Dispersion  Test 
Crumb  Test 


ASTM  D4647-87(method  B) 
Corp  of  Engineers  Manual 
EM-110-2- 1906  Appendix  XIH 


The  test  results  are  included  on  the  attached  table.  If  you  have  any  questions  regarding  this  report  or  if  we  can 
be  of  any  further  service,  please  contact  us. 


Attachments 

rmr 

n\geotech\anita.dam 

. 

As  a mutual  protaction  to  clionts,  the  public  and  ourselves,  all  reports  are  submitted  as  the  confidential  property  of  our  clients  and  authorization 
for  publication  of  statements,  conclusions  or  extracts  from  or  regarding  our  reports  is  reserved  pending  our  written  approval.  Test  results  apply 
specifically  to  the  samples  tested  only.  The  entire  report  shall  not  be  reproduced,  except  in  full,  without  the  written  approval  of  the  laboratory. 
Samples  will  be  disposed  of  after  testing  is  completed  unless  other  arrangements  are  agreed  to  in  writing. 


f f 


ANITA  DAM 
TEST  DATA  SUMMARY 


TEST  DATA 


Sample 

Identification 

Remolded  Dry 
Densitvfncf) 

Moisture 
Content  (%Y 

Hydraulic 
Headt  inches) 

Final  Cloudiness 

Final  Diameter 
of  Pinholefmm) 

Dispersive  Classification 

Crumb  Test  Classification 

No.  4 

104.8 

Yl.l 

5 

Slight  to  Medium 

3.5 

Slightly  to  Moderately 
Dispersive-SD 

Definite  Dispersion  Problem 

* As  Received  Moisture  Content 


Maxim  Technologies,  Inc. 


Maxim 

600  South  26th  Street 
P 0 Box  30616 
Billings,  MT  69107 

(406)248-9161  . P.  l\ 

FAX  (406)  248-9282  9 I " ‘ 


TECHNICAL  REPORT 


REPORT  TO:  ATTN:  GREG  BERGUM 

U.S.  DEPARTMENT  OF  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 
P O BOX  36800 
BILLINGS  MT  59107-6800 


Revised:  May  16  1997* 

DATE:  April  18, 1997 

JOB  NUMBER:  93-925-1 

SHEET:  1 of  3 

INVOICE  NO.:  040443 


REPORT  OF:  Soil  Analysis  - Anita  Dam 


SAMPLE  IDENTIFICATION: 

On  April  14, 1997,  these  soil  samples  (laboratory  numbers  182747 and  182748)  were  received  in  our  laboratory 
for  analysis.  Tests  were  conducted  in  accordance  with  U.S.  Department  of  Agriculture  Handbook  No.  60, 
"Diagnosis and  Improvement  of  Saline  and  Alkali  Soils’. 

The  condition  of  the  samples  upon  receipt  at  the  laboratory  is  noted  on  the  attached  sample  receipt  checklist. 
The  results  of  the  analyses  are  shown  on  the  following  pages. 

Footnote:  (1)  The  total  dissolved  salt  concentration  is  calculated  from  the  electrical  conductivity.  The 

relationship  between  conductivity  and  soluble  salts  is  approximate  due  to  difference  in  solutes, 
solute  conductivities,  and  equivalent  weights. 

*Calcium,  magnesium,  sodium  and  total  dissolved  salts  data  added  to  the  report. 


Reviewed  by 


\ mui 


cc:  USDI  Bureau  of  Land  Management 

111  Garryowen  Road 
Miles  City,  MT  59301 

Nick  Lewallen  - Billings 


Attachments:  Sample  Receipt  Checklist 


caj 


Page  2 


Client  Name: 
Project  No.: 
Laboratory  No.: 
Sample  Name: 
Sample  Date: 
Collected  by: 
Time  Sampled: 
Sample  Type: 


USDI  BUREAU  OF  LAND  MANAGEMENT  - MILES  CITY 

93-925-1 

182747 

TP  101  1. 5-4.0 
NONE  GIVEN 
NONE  GIVEN 
NONE  GIVEN 
SOIL 


PARAMETER 


MEASURED  METHOO  DATE 

VALUE  NUMBER  ANALYZED 


SOIL 


Calciun  saturated  paste 

Electrical  Conductivity  Saturated  Paste 

Magnesiun  saturated  paste 

Sodiun  Absorption  Ratio 

Sodium  saturated  paste 

Total  Dissolved  Salts 


23.2 

meq/l 

3a 

04/15/97 

7.40 

mmh  os/cm 

3a 

04/16/97 

19.7 

meq/l 

3a 

04/15/97 

14.4 

20b 

04/16/97 

69.2 

meq/l 

3a 

04/15/97 

4740  (1) 

mg/l 

1.20 

04/16/97 

Maxim  Technologies,  Inc. 


Page  3 


Client  Name: 
Project  No.: 
Laboratory  No.: 
Sample  Name: 
Sample  Date: 
Collected  by: 
Time  Sampled: 
Sample  Type: 


USD  I BUREAU  OF  LAND  MANAGEMENT  - MILES  CITY 

93-925-1 

182748 

NO.  3 

NONE  GIVEN 
NONE  GIVEN 
NONE  GIVEN 
SOIL 


PARAMETER 


MEASURED  METHOD  DATE 

VALUE  NUMBER  ANALYZED 


SOIL 


Calcium  saturated  paste 

Electrical  Conductivity  Saturated  Paste 

Magnesium  saturated  paste 

Sodium  Absorption  Ratio 

Sodiun  saturated  paste 

Total  Dissolved  Salts 


23.2 

meq/l 

3a 

04/15/97 

9.03 

mnhos/cm 

3a 

04/16/97 

23.0 

meq/l 

3a 

04/15/97 

19.2 

20b 

04/16/97 

92.4 

meq/l 

3a 

04/15/97 

5780  (1) 

mg/l 

1.20 

04/16/97 

Maxim  Technologies,  Inc. 


SAMPLE  RECEIPT  CHECKLIST 


MAXIM 

TICHMOIOOIIS  INC 


1. 


3. 

4. 

5. 


7. 

8. 

9. 

10. 
11. 

12. 

13. 

14. 


Shipping  container  in  good  condition? 


Custody  seals  present  on  shipping 
container? 


Condition:  Intact 


Broken 


Chain  of  custody  present? 

Chain  of  custody  signed  when 
relinquished  and  received? 

Chain  of  custody  agrees  with 
sample  labels? 

Custody  seals  on  sample  bottles? 

Condition:  Intact Broken 

Samples  in  proper  container/bottle? 

Samples  intact? 

Sufficient  sample  volume  for 
indicated  test? 

VOA  vials  have  zero  headspace? 

Trip  Blank  received? 

Ice/Frozen  Blue  Ice  present 
in  shipping  container?  (circle  one) 


A A 

11/  Jr 

_ ^ 
u A 
J j4 


L/ 


15.  Container  temperature  1. 


2. 


AS  J 

- ^ 

A A 

3. 


16.  All  samples  rec’d  within  holding  time? 
Preservation 

17.  pH  check  performed  by:  


18.  Metals  bottle(s)  pH  <2? 

19.  Nutrient  bottle(s)  pH  <2? 

20.  Cyanide  bottle(s)  pH  >12? 

21.  Sulfide  bottle(s)  pH  >9? 

22.  Oil  & grease  bottle(s)  pH  <2? 

23.  TOC  bottle(s)  pH  <2? 

24.  DRO/418.1  bottle(s)  pH  <2? 

25.  Phenolics  bottle(s)  pH  <2? 

26.  Volatiles  (VOA)  pH  <2? 
(VOA  pH  checked  by  analyst) 

27.  Client  contacted? 

28.  Person  contacted  

29.  Date  contacted  


30.  Contacted  by 

3 1 . Regarding? 


Note:  Samples  may  be  affected  when  not  transported  at  the  temperature  recommended  by  the  EPA  for  the  test  you've  selected. 
Please  contact  the  lab  if  you  have  concerns  about  the  temperature  of  your  samples. 


COMMENTS: 


r 


93  -<9^S-l 


NORTHERN  TESTING  LABORATORIES,  INC. 


SUMMARY  OF  ENGINEERING  PROPERTIES  TESTS 
Proj ect  \^cdLA  o> *r  *\3c^c rrt<: /'T 

A nrr%_ — 


Job  No.  *>^GC}7G'2t'X£j 

Date  Rec'd  In  Lab 

Date  Tests  Complete 


NTL-FI -9 


r> 

^ Maxim  ^ 

600  South  25th  Street 
P 0 Box  30615 
Billings,  MT  6910 

(406)248-9161  q " ' V |C  Q -4 

FAX  (406)  248-9282 


REPORT  TO:  ATTN:  GREG  BERGUM 

U.S.  DEPARTMENT  OF  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 
P O BOX  36800 
BILLINGS  MT  59107-6800 

REPORT  OF:  Soil  Analysis  - Anita  Dam 


n 


OFFICIAL  FILE  COPT 
RECUVEQ 


Wf  23*97 
TECHNlCAL_BHEOR= 


DATE: 
JOB  NUT 
SHEET: 


MPVf  OfcTfc 
iMrO  COPY  TO: 

T. 

0ATE  1 IIMT1M.  1 

— 

i — n— 

t Njyjuao: 

® • rt  * 1 

project  1 ^ 

wuwi.o 


SAMPLE  IDENTIFICATION: 

On  April  21, 1997,  this  soil  sample  (laboratory  number  182953)  was  received  in  our  laboratory  for  analysis.  Tests 
were  conducted  in  accordance  with  U.S.  Department  of  Agriculture  Handbook  No.  60,  "Diagnosis  and 
Improvement  of  Saline  and  Alkali  Soils  " and  "WestemStates  Laboratory  Proficiency  Testing  Program, Soil  & Plant 
Analytical  Methods’,  1996  Version  3.0. 

The  condition  of  the  samples  upon  receipt  at  the  laboratory  is  noted  on  the  attached  sample  receipt  checklist. 
Chain  of  custody  documentation  is  enclosed. 

The  results  of  the  analyses  are  shown  on  the  following  page. 

Footnote:  (1)  The  total  dissolved  salt  concentration  is  calculated  from  the  electrical  conductivity.  The 

relationship  between  conductivity  and  soluble  salts  is  approximate  due  to  difference  in  solutes, 
solute  conductivities,  and  equivalent  weights. 


Reviewed  by 


cc:  USDI  Bureau  of  Land  Management 

111  Garryowen  Road 
Miles  City,  MT  59301 


Attachments: 

caj 


Sample  Receipt  Checklist 
Chain  of  Custody 


As  a mutual  protection  to  clients,  the  public  and  ourselves,  all  reports  are  submitted  as  the  confidential  property  of  our  clients  and  authorization 
for  publication  of  statements,  conclusions  or  extracts  from  or  regarding  our  reports  is  reserved  pending  our  written  approval.  Test  results  apply 
specifically  to  the  samples  tested  only.  The  entire  report  shall  not  be  reproduced,  except  in  full,  without  the  written  approval  of  the  laboratory. 
Samples  will  be  disposed  of  after  testing  is  completed  unless  other  arrangements  are  agreed  to  in  writing. 


9 


2 


Client  Name: 
Project  No.: 
Laboratory  No. : 
Sample  Name: 
Sample  Date: 
Collected  by: 
Time  Sampled: 
Sample  Type: 


USD:  _uREAU  OF  LAND  MANAGEMENT  - MILES  CITY 

93-925-1 

182953 

ANITA  #4  PINHOLE 
NONE  GIVEN 
NONE  GIVEN 
NONE  GIVEN 
SOIL 


Q 

'Page 


PARAMETER 


MEASURED  METHOO  DATE 

VALUE  NUMBER  ANALYZED 


SOIL 


Calciun  saturated  paste 

Magnesiun  saturated  paste 

Sodiun  saturated  paste 

Sodium  Absorption  Ratio 

Electrical  Conductivity  Saturated  Paste 

Total  Dissolved  Salts 


32.2 

meq/l 

3a 

05/05/97 

29.6 

meq/l 

3a 

05/05/97 

140 

meq/l 

3a 

05/05/97 

25.2 

20b 

05/05/97 

14.1 

mmhos/ cm 

3a 

05/02/97 

9020(1) 

mg/l 

51.20 

05/02/97 

Maxim  Technologies,  Inc. 


t 


r 


A H ' t-) 


£>  <<3rh  - 


Project  or  Site  Name 


Project  Number 


Sampler  Name  (Printed) 


e 

CHAIN  OF  CUSTODY  RECORD 

MAXIM 

TECHNOLOGIES  INC 

600  South  25th  Street 
Billings,  Montana  59101 
Phone  (406)  248-9161  • Fax  (406)  248-9282 


- / ( 

6 tV  -s  ^ & -e  a la 

Contact  Name 


Report  to  (Firm  or  Agency)) 


Cs“oS)  c^cA<o  - /<>  / / 

/ 


Address 


Sampler  Signature 


DATE 

COLLECTED 

TIME 

COLLECTED 

SAMPLE  LOCATION 
OR  DESCRIPTION 

COMP 
OR  GRAB 

SAMPLE 

MATRIX 

NO/Oli 

^CONTAINERS 

ANALYSIS  REQUIRED  / 

Ss zr __ / 

A 

LAB  NUMBER 
\ - 

k 

r 

T 

r 

r 

1 NOTES 

P & 

rup-fa, , t 

Y>// 

1 

b 

I 

Relinquished  by: 

Date 

Time 

' //-2A 

Received by:  /V  / s'/ 

Remarks: 

^fnqu^tf 

led^y:  // 

Date 

Time 

Received  by:  / / 

7 /X~  -h  /^uT 

Relinqdis 

,et  

AfK^vCiA<M  / 

Date 

%/?? 

Time 

“kb 

wijuX) 

Relinquis 

* 

led  by: 

Date 

Time 

Received  by: 

r 


MAXZM 

TICN*<OIOOII»  IMC 


SAMPLE  RECEIPT  CHECKLIST 


n 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
11. 

12. 

13. 

14. 


Custody  seals  present  on  shipping 
container? 


IU 


Condition:  Intact 


Broken 


Chain  of  custody  present? 

Chain  of  custody  signed  when 
relinquished  and  received? 

Chain  of  custody  agrees  with 
sample  labels? 

Custody  seals  on  sample  bottles? 

Condition:  Intact Broken 

Samples  in  proper  container/bottle? 

Samples  intact? 

Sufficient  sample  volume  for 
indicated  test? 

VOA  vials  have  zero  headspace? 

Trip  Blank  received? 

Ice/Frozen  Blue  Ice  present 
in  shipping  container?  (circle  one) 


_ kT 


A/ 

_ P 

P'  A 


Preservation 

17.  pH  check  performed  by: 

18.  Metals  bottle(s)  pH  <2? 

19.  Nutrient  bottle(s)  pH  <2? 

20.  Cyanide  bottle(s)  pH  >12? 

21.  Sulfide  bottle(s)  pH  >9? 

22.  Oil  & grease  bottle(s)  pH  <2? 

23.  TOC  bottle(s)  pH  <2? 

24.  DRO/418.1  bottle(s)  pH  <2? 

25.  Phenolics  bottle(s)  pH  <2? 

26.  Volatiles  (VOA)  pH  <2? 
(VOA  pH  checked  by  analyst) 

27.  Client  contacted? 

28.  Person  contacted  

29.  Date  contacted  


30. 

31. 


Contacted  by 
Regarding? 


15.  Container  temperature  1. 


3. 


Note:  Samples  may  be  affected  when  not  transported  at  the  temperature  recommended  by  the  EPA  for  the  test  you've  selected. 
Please  contact  the  lab  if  you  have  concerns  about  the  temperature  of  your  samples. 


COMMENTS: 


LABORATORY  DATA  INTERPRETATIONS 


a 


COMPUTATION  SHEET 


BY  — DATE  ^J'S/97  PROJECT  l>s?ss? SHEET  NO OF 

CHKD.  BY DATE FEATURE  /T3  ACTIVITY 

OFFICE  DETAIL  7~Z>  <,  / 


Z&cy^’z.^  - 


^/?os*7  7~<D  ry)  A.  >550^4^/1 

y?AJ<0  $ 'OsO'o/r-?  -&3 C,£37'ACiAS  APy}T?c>. 

A/07-^  s4s*vatj«j-r  sa  ybrys^stss-?  &.>y?s  y/vr 

rr?*'/15y&jr&  _2"  X/  it~A'  TTV  *slTS+y  sf  7-  ST7  »<  )t ' JAI 

•sy/jr  SA's£>  sr-  C/£yyfti.y  AJti.  <LJ  i,i4-8<-£.-  7T-r- 

Zoo'S  sr£  7~*/<PcJ6.yS  7**y/£-  OA  SO£»us*i  j5>s*.r<y-+jT- 

/S  /J>A/Pysyc  y A?St/1  tat&  " &'£;  z>^a*  -s  / sff'e.  >7V  " AS 

AA/£>  JCA)  T2T£>  OO  IS.  Asyyjo  ca£T  tA^'A'AS'  Jf  7"  AS 

^\0\J  PlOTii  r^T  PoTEOT'AL  L\\Jrt$.  <2#Lt. L ^7^£T  //£" 

You  aVa'Js:  /lo'-j  Ootf^Tic^o^. 


6 Us4 


•s  &*d.  £-  „ y <£t.sS~4S  s'*  C £-  O -Pt*  •■  -r*S-.37~  sP**  ***  -A*~ se  s' 

s^s9S7~  ~7yLsO  (SAa's^ts  £■*?<_  S&*^s?ey  S'-s  AL/syy.  /AS/P  Is.  As*  s'  y 

Yo<y  Aj  js>(2>»s  _J-  /?£££:>1/4C  yyYA'se. 


s=>- 


COMPUTATION  SHEET 


BY  hatf  7 prd.ifp.t  £?/>;-  04  3>/)S7 SHEET  NO OF 


CHKD.  BY DATE FEATURE  5s  ’/ TJ'lTS ACTIVITY 

OFFICE  DETAIL  ) SA&.J  V<P  50^^ 


TP>-)Q\ 

30/0/0c4 

4 3 

JLL 

SA)2-  A/a 

/Jo.  ^ +/>7o  ) 

J£  (h*T 

r^)  (/4z)^ 

24LZZ'oj 

9e>  200'  cf/-*j 

(oZ°/° 

^9% 

69% 

70/ 40  2'SSOC  J/O  5“^ZS. 

lll-i 

1 jwj 

Z0\ ,3 rfi  ,jj 
— 

* 


R SHo/lTS  /«?6 


7^5^  & J 


7~p-/o  i 

A2 


7,2.  , ^9  2.  - y-s.o  (jzz-J 

&.£  Cu-+/*ij  V~e.i>(z3.2  7y  4-4 


- 


/ 

— U? 


a/o  So£»us+7  ~ A-4  x /<^o  — <^9  2.  

^ /-  ^ A r*  £ 9.2  /-  23.  2.  ^9.7  / / 2. 1 


9Z.  ~ 62  Ve 


7~b7’/Ad-  i)^5SiV/Y!  J?  //<?.  y /r?£f  Jt. 


&3_  5AZ  - 92.4- _ 924  ^ ZO  ^2 7 


/y?o/>7  r/s7~ 


Vo-€CZ3.Z~;a  2J  44  C 


94>  5o-2,o;'y^  — ^£4  //oo;  ^ ^ ‘ 

*72.4  y-  Z3.Z +■/<?■  2 

/or/c.  2>'jssc*  ^/-s>  5x!i.rs.-  A34-.3  r~?ry% 

44-  54  £ ~ /4£> _ 25  /W.zJ 


°Jo  50’^"'^  : _i *O_r(lD0  - 6^J  % 

1^0  V3?3  +i9. 4 


7Z>7>7<L  2>35e>o 3s7cj/s^  ZOi.Q)  0244  // 


Percent  Sodium* 


i a 
c 

rt 


SAJI 


wa 


) QH  m mey./ //ter. 


jO'SCGz+Mg) 

Notes : 0 See  description  of  Zones  A,  B and  C in  Text. 

2)  Relationship  shown  is  valid  only  when  eroding 
water  is  relatively  pure. 


ASee  Figure  2 for  definitions. 


$>A&-/00 


#3  - 

4-TP-lOl  - 5*^  = 


Total  Dissolved  Salts  in  Saturation  Extract 
(meq/1 i ter) * 


Relationship  Between  Dispersibility  (Susceptibility  to  Colloidal 
Erosion)  and  Dissolved  Pore  Waiei  Salts  Based  on  Pinhole  Tests 
enJ  C/sper ienu  wim  Erosion  in  Nature 


C 


0 


APPENDIX  F 

POST-FAILURE  TROXLER  DENSITY  AND  MOISTURE  DATA 


€ 


J 


J 


APR- 13- 1997  14=29  FROM  BUREAU  OF  LAND  MANAGEMENT  TO  92477793  P.02 


c 


APPENDIX  G 

PRECONSTRUCTION  BLM  TEST  PIT  LOGS 


C 


on  >6) 


FEATURE 


c ' C 

'LOG  OF  TEST  ht  OR  AUGER  HOLE 
PROJECT  /=J  AJ  J 7*~cX 


TEST  HOLE  HO. 


Foundation  /~\^  Spillway  / / Borrow  Area  Materials  / / ^ ^ ^ 


Depth  of  Shale 


Depth  to  water  table 


Total  Depth 


Submitted  by  /C K ~~  Z.  J2- 


Date  y <3  -J  Z 


l 


LOG  OF  TEST  Fxi  OR  AUGER  HOLE 


FEATURE 


PROJECT  i Atv 


TEST  HOLE  HO.  5 


Foundation  / Spillway  / / Borrow  Area  Hatariala  / <J 

Depth  of  Shale  Depth  to  water  table Total  Depth 


Submitted  by  JQ<_  -y_jg 


From: 
l££l 

To: 
Feet : 

DescriDtion  of  Material 

Remark! 

if 

-J.r*- 

S j J f~  y CV«w  ^ * cx 

-S/<r\  -f  - ©/  «>  ^ 

y > 

ir 

-uL7~. 

3 ' 

' / 

-c7<w 

- 3 

..AO  ' 

^ .7 

— <T/ y <f  y S>; /t  > -S<3>-)Jy 

7"4oX  , /, 

■><->1  »->  ipj-p  'J-+  - i 

y 7 v 

<o 

ye:  " 

J-jAty  4"V  ^ y ^ h.  <ix  >s-t  

_s  fvv  - 3 -y-  iT  O 

-^2/J 

& 

C / <*y  ry tfJ  r 

3><K>»p/e  “ TTTfT/fTT 

— — y. 

O 

zyw 

SiJj-y  C/* Ly  y<t>Cy  «-W 

// 

zy 

7 ' 

/ 7 

JO/*,  ye  V ^ f y 

3 >*\yo  ) if 

rrt  .*? 

y7  7 y 

o 

Cj.'Ky  / o «.  Vvl 

J£orr~  o ^ 

4 " 

-£/°\  V-  <v  ^ P L'tw  ^<vrd  - 3 />?<x 

ll  ^/oJcv 

y — — 

c V 

% " 

AAf~y  A * w~vv\_ 

r^*f y ro  ^ 

/ nr  pfl9' 

8 l> 

H 

y y r 

0>yjOy  I 

U/S  

A 

3(\r>^y  _-5fJ'T~  __  1 

=J~ : 

_ . ' T 

LOG  OF  TEST  Fxi  OR  AUGER  HOLE 


FEATURE 


PROJECT  i Atv 


TEST  HOLE  HO.  5 


Foundation  / Spillway  / / Borrow  Area  Hatariala  / <J 

Depth  of  Shale  Depth  to  water  table Total  Depth 


Submitted  by  JQ<_  -y_jg 


From: 
l££l 

To: 
Feet : 

DescriDtion  of  Material 

Remark! 

if 

-J.r*- 

S j J f~  y CV«w  ^ * cx 

-S/<r\  -f  - ©/  «>  ^ 

y > 

ir 

-uL7~. 

3 ' 

' / 

-c7<w 

- 3 

..AO  ' 

^ .7 

— <T/ y <f  y S>; /t  > -S<3>-)Jy 

7"4oX  , /, 

■><->1  »->  ipj-p  'J-+  - i 

y 7 v 

<o 

ye:  " 

J-jAty  4"V  ^ y ^ h.  <ix  >s-t  

_s  fvv  - 3 -y-  iT  O 

-^2/J 

& 

C / <*y  ry tfJ  r 

3><K>»p/e  “ TTTfT/fTT 

— — y. 

O 

zyw 

SiJj-y  C/* Ly  y<t>Cy  «-W 

// 

zy 

7 ' 

/ 7 

JO/*,  ye  V ^ f y 

3 >*\yo  ) if 

rrt  .*? 

y7  7 y 

o 

Cj.'Ky  / o «.  Vvl 

J£orr~  o ^ 

4 " 

-£/°\  V-  <v  ^ P L'tw  ^<vrd  - 3 />?<x 

ll  ^/oJcv 

y — — 

c V 

% " 

AAf~y  A * w~vv\_ 

r^*f y ro  ^ 

/ nr  pfl9' 

8 l> 

H 

y y r 
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PRECONSTRUCTION  LABORATORY  TEST  DATA 


C 


3 


<9 


TJ/  -y  ' y s’ 


Letter  of  Transmittal 
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To: 
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un  Intertec  Corporation  , \) 
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r-' 

/As.  /Aarzhet  /■  M/es.'rHOFr 

Date:  ' / * '/  

Pot)  BA  U op  A^£>  A^Aa/A<B  BA*  PAJ 1 

Job  No:  BMM.  z 73-  /2Y 
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jsusisTn'-'A/  / /^~T~  Y S~~? 

/-  ARbQA.  tor  v / &st  ftesvt-rA 

: s £ /*—  / 
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Oas  S’ASA/CK.PZ Ki : 


These  are  being  sent:  □ for  approval  □ for  review  and  comment 


□ for  your  use 
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Dry  Density,  pcf 


Sample  No:  E Lab  Sample  No:  P-1 

Sampled  From: 

Soil  Description:  Lean  Clay,  medium  plasticity,  light  brownish  gray,  dry. 


Maximum  Dry 
Density,  pcf  * 


im  n 


Optimum  Moist) 
Content  % * 

20.0 


ASTMD  698-91  Method:  A 
Job  No: 


BHDX-93-184 

‘^pr: 



Date: 


1/30/95 


Laboratory  Compaction  Characteristics 
of  Soil  (Proctor) 

Aggregate  Testing 
Lewistown,  Montana 

Braun  Intertec  Corporation,  Billings,  Montana 


*Density  and  moisture  results 
rounded  to  nearest  0.5. 
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Sample  No:  C Lab  Sample  No:  P-2 

Sampled  From: 

Soil  Description:  Lean  Clay,  medium  plasticity,  pale  olive  gray,  dry. 
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Density,  pcf  * 
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Content  % * 
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Laboratory  Compaction  Characteristics 
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Lewis  town,  Montana 

Braun  Intertec  Corporation,  Billings,  Montana 


♦Density  and  moisture  results 
rounded  to  nearest  0.5. 
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T M Density,  pcf*  Cor 

Lab  Sample  No:  P-3 

too. 5 

Lean  Clay,  medium  plasticity,  light  brownish  gray,  dry. 

^Density  and  moistu 

dethod:  A rounded  to  nearest  0 

2 2 

im  Moisti 
itent  % * 
17.0 

re  results 
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Job  No" 
BHDX-93-184 
* Tr: 

Date: 

1/30/95 

Laboratory  Compaction  Characteristics 
of  Soil  (Proctor) 

Aggregate  Testing 
Lewis  town,  Montana 

Braun  Intertec  Corporation,  Billings,  Montana 
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January  31,  19c 
Project  BHDX-93-11 

Atterberg  Limits'  Results 

Aggregate  Testing,  Lewistown,  Montana 
Braun  Intertec  Corporation,  Billings,  Montana  (406)  652-3930 


BRAUN 

INTERTEC 


Braun  Intertec  Corporation 

To:  Attn:  Herb  Chavez 

Bureau  of  Land  Management 

Airport  Road 

Lewistown  . Montana  59457 


Iksltsftrf  Ti 


DM •'  

ops r. 

ADMIfv lP 

LSRP JR 

KIN (■■HEP 

U S D i - S L L H ■■  ■ 5 V OWN  DISTRICT 

F.CwC:  JtD 


AUG  1 1 1995 

Date:  August  10.  1995 

BRIEF  DM: ADM COORD  RCSP 

Job  No:  BHDX-95-l37r— == 

Fax  No.: 


Re:  Laboratory  Test  Results:  Anita  Resivoir 


We  are  sending  you  the  following  items: 


B Attached 

□ Under  separate  cover  via 


11  Proctors.  7 Atterherp  Limits.  Order  Number  1422E060P50100 


These  are  being  sent:  □ for  approval  □ for  review  and  comment  n for  your  use  □ as  requested 
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GENERAL  SERVICES  ADMINISTRATION 
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Dry  Density,  pcf 
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Sample  No:  20 
Sampled  From:  &f 

Soil  Description:  100%  passing  the  3/4"  sieve. 

100%  passing  the  3/8"  sieve. 

99%  passing  the  No.  4 sieve. 

Sandy  Lean  Clay,  medium  plasticity,  brown,  moist. 


Maximum  Dry  Optimum  Moisture 
Density,  pcf  * Content  % * 

113.0  15.0 


^Density  and  moisture  results 
rounded  to  nearest  0.5. 
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Anita  Resevior 

P-2 

Date: 

8/10/95 

Braun  Intertec  Corporation,  Billings,  Montana 
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Sample  No:  26 
Sampled  From: 
Soil  Description: 


Moisture  Content  % 


Maximum  Dry 
Density,  pcf  * 

108.0 


Optimum  Moisture 
Content  % * 

16.0 


100%  passing  the  3/4"  sieve. 

100%  passing  the  3/8"  sieve. 

99%  passing  the  No.  4 sieve. 

Lean  Clay  with  Sand,  medium  plasticity,  olive  brown,  moist. 


^Density  and  moisture  results 
rounded  to  nearest  0.5. 
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Job  No: 

ivicuiuu.  

Laboratory  Compaction  Characteristics 

Plate 

~TIDX-95-137 

of  Soil  (Proctor) 

r: 

Bureau  of  Land  Management 

Anita  Resevior 

P-3 

Date: 

8/10/95 

Braun  Intertec  Corporation,  Billings,  Montana 

Dry  Density,  pcf 
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Sample  No:  25 
Sampled  From:  12' 
Soil  Description: 


Moisture  Content  % 


Maximum  Dry 
Density,  pcf  * 
107.0 


Optimum  Moisture 
Content  % * 

16.0 


99%  passing  the  3/4"  sieve. 

99%  passing  the  3/8"  sieve. 

98%  passing  the  No.  4 sieve. 

Sandy  Lean  Clay,  medium  plasticity,  olive  brown,  moist. 


^Density  and  moisture  results 
rounded  to  nearest  0.5. 
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Job  No: 

Laboratory  Compaction  Characteristics 

Plate 

"'iDX-95-137 

of  Soil  (Proctor) 

C r: 

Bureau  of  Land  Management 

Date: 

Anita  Resevior 

P-6 

8/10/95 

Braun  Intertec  Corporation,  Billings,  Montana 

tr 


Dry  Density,  pcf 


H 


Sample  No:  22 
Sampled  From:  3' 
Soil  Description: 


Maximum  Dry  Optimum  Moisture 
Density,  pcf  * Content  % * 

107.0  18.0 

100%  passing  the  3/4"  sieve. 

99%  passing  the  3/8"  sieve. 

99%  passing  the  No.  4 sieve. 

Lean  Clay  with  Sand,  medium  to  high  plasticity,  brown,  moist. 


*Density  and  moisture  results 


ASTM  D 698-91 
Job  No: 

Method:  A — 

Laboratory  Compaction  Characteristics 

Plate 

"MDX-95-137 

of  Soil  (Proctor) 

Bureau  of  Land  Management 

Anita  Resevior 

P-7 

Date: 

8/10/95 

Braun  Intertec  Corporation,  Billings,  Montana 

Dry  Density,  pcf 
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Moisture  Content  % 


Sample  No:  29 
Sampled  From:  7 - 14' 

Soil  Description:  100%  passing  the  3/4"  sieve. 

100%  passing  the  3/8"  sieve. 

99%  passing  the  No.  4 sieve. 

Lean  Clay  with  Sand,  medium  plasticity,  olive  brown,  moist. 


Maximum  Dry 
Density,  pcf  * 

109.5 


Optimum  Moisture 
Content  % * 

18.0 


^Density  and  moisture  results 


ASTM  D 698-91 
Job  No: 

Method:  A 

Laboratory  Compaction  Characteristics 

Plate 

RHDX-95-137 

of  Soil  (Proctor) 

£ r: 

Bureau  of  Land  Management 

Anita  Resevior 

P-8 

Date: 

8/10/95 

Braun  Intertec  Corporation,  Billings,  Montana 

Dry  Density,  pcf 


Maximum  Dry  Optimum  Moisture 
Density,  pcf*  Content  % * 

Sample  No:  28  105  0 17.5 

Sampled  From:  9' 

Soil  Description:  99%  passing  the  3/4"  sieve. 

98%  passing  the  3/8"  sieve. 

97%  passing  the  No.  4 sieve. 

Lean  Clay  with  Sand,  medium  plasticity,  brown,  moist. 


*Density  and  moisture  results 


ASTM  D 698-91 
Job  No: 

Metnoa:  A - — 

Laboratory  Compaction  Characteristics 

RHDX-95-137 

of  Soil  (Proctor) 

C r: 

Bureau  of  Land  Management 

Anita  Resevior 

Date: 

8/10/95 

Braun  Intertec  Corporation,  Billings,  Montana 

Dry  Density,  pcf 
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Moisture  Content  % 


Sample  No:  30 

Sampled  From:  Station  6 + 65 

Soil  Description:  100%  passing  the  3/4"  sieve. 

100%  passing  the  3/8"  sieve. 

99%  passing  the  No.  4 sieve. 

Lean  Clay,  medium  to  high  plasticity,  olive,  moist. 


Maximum  Dry 
Density,  pcf* 

109.0 


Optimum  Moisture 
Content  % * 

16.5 


^Density  and  moisture  results 
rounded  to  nearest  0.5. 
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Job  No: 

lvicuiuu.  n — 

Laboratory  Compaction  Characteristics 

Plate 

dHDX-95-137 

of  Soil  (Proctor) 

L r: 

Bureau  of  Land  Management 

Anita  Resevior  \ 

P-10 

Date: 

8/10/95 

Braun  Intertec  Corporation,  Billings,  Montana 
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Sample  No:  24 
Sampled  From:  6' 
Soil  Description: 


Moisture  Content  % 


Maximum  Dry 
Density,  pcf  * 

104.0 


Optimum  Moisture 
Content  % * 
18.0 


99%  passing  the  3/4"  sieve. 

99%  passing  the  3/8"  sieve. 

98%  passing  the  No.  4 sieve. 

Lean  Clay  with  Sand,  medium  plasticity,  brown,  moist. 


*Density  and  moisture  results 
rounded  to  nearest  0.5. 
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Job  No: 

Memoa:  a 

Laboratory  Compaction  Characteristics 

Plate 

PHDX-95-137 

of  Soil  (Proctor) 

L ” 

Bureau  of  Land  Management 

w 

Date: 

8/10/95 

Anita  Resevior 

Braun  Intertec  Corporation,  Billings,  Montana 
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REPORT  TO:  BUREAU  OF  LAND  MANAGEMENT 

ATTN:  MR.  HERB  CHAVEZ 
LEWISTWON  DISTRICT  OFFICE 
P.O.  BOX  1160 
LEWISTOWN,  MT  59457 


(2)  DATE:  July  25,  1996 

JOB  NUMBER:  96-64 
SHEET  1 OF  3 
P.O.  NO.:  1422E060P960085 
INVOICE  NO.:  5918 


REPORT  OF:  Moisture-Density  Relationship  Test 


PROJECT:  Anita  Reservoir 


TEST  DESCRIPTION 

On  June  24,  1996,  two  (2)  samples  of  subgrade  material  was  delivered  to  our 
laboratory.  We  were  instructed  to  perform  a moisture-density  relationship 
test  in  accordance  with  AASHTO  T99  on  each  sample.  The  results  of  the 
laboratory  tests  are  presented  on  the  attached  graphs  entitled  "Moisture 

Density  Relationship" . 


All  report,  of  teat  results  are  submitted  as  confidential  property  oC  our  client.  Any  reproduction  or  publication  or  rep°^° 
requlree^our  expressed  spprov.l.  Series  ere  disposed  of  after  testing  is  completed  uniess  other  prior  arrangement,  are  -^est 
results  relate  only  to  the  materials  actually  sampled  and  tested. 
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Job  No.  96-64 Date  6/27/96 

Project  ANITA  RESERVOIR  - BUREAU  OF  LAND  MANAGEMENT 


Source  of  Material  BORROW  AREA  #20  ELEV.  103 
Lab  No.  27113 

Point  ID  and  Depth  BORROW 

Description  of  Material  LEAN  CLAY  (CL) 


Test  Method  AASHTO  T99  METHOD  A 

Rammer  Type  Manual.  5.5  # 


TEST  RESULTS 

Maximum  Dry  Density  107.3  PCF 

Optimum  Water  Content  17.4  % 
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WATER  CONTENT  (Percent  Dry  Weight) 


MOISTURE-DENSITY  RELATIONSHIP 

NTL  Engineering  & Geoscience 
Great  Falls,  Montana 
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A engineerings. 

A GEOSCIENCE,  INC 


1505  14th  ST.  S.W. 


November  20,  1996 


Bureau  of  Land  Management 
Lewistown  District  Office 
P.O.  Box  1160 
Lewistown,  Montana  59457 

Attention:  Mr.  Herb  Chavez 

Dear  Mr.  Chavez: 

During  the  week  of  October  7,  1996.  your  personnel  delivered  three 

brief  summary  of  testing. 

Unconfined  Compression 

STA  6+50  sir ?+r«ndsfTiro^ 

=o^sTrength  of  aPL— 

(psf) , while  the  other  specimens  g d for  comparison  with 

a^sutting^ummnfine^stre^i^h^of^SOo'p^^^These  results  are  presented  together 
for  comparative  purposes  on  Plate  No . 1 . 

All  samples  indicated  a reasonable  correlation  of  increasing  «^«msiee 

strength  with  increasing  density - and  £"£? TelaSvely  high 

compressive  strength  measured  for  ST  ^ this  samnle  came  from  the 

density  of  the  ^y^®^^S^dX^I<Slons  had  apparently  caused  some 

upper  portion  of  the  Shelby  tube  wn  .,  t+ip  increase  in  moisture  content 

preconsohdation  or  additional  6+0Q  tu^e  showed  a substantial  reduction 

of  the  second  sample  tested  from  the  S p,  . N It  our  recommendation 

in  unconfined  strength  as  can  be  ^^  ^oTnsf  be  used  for  STA  6+00  rather  than  the 
that  an  unconfined  strength  value  of  7500  psf  be  ' used  ^ ^ reasonably 

hieher  value  of  18,300  psf  for  design  purposes,  as  tneJf  ss®r  _+inular  son 

defies  the  controlling  unconfined  compressive  strength  of  that  particular  soil. 
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Bureau  of  Land  Management 
Attn:  Mr.  Herb  Chavez 
Lewistown,  Montana  59457 


November  20,  1996 
Page  Two 


One  Dimensional  Consolidation 

One-dimensional  consolidation  tests  were  performed  on  < 2ach  sample. 
The  samnles  were  consolidated  at  field  moisture  to  pressures  of  4000  or  8000  psf, 
rebounded  to  1000  psf,  inundated  and  allowed  to  swell  under  1000  psf ’ /f samples  was 
tn  4000  rjsf  and  again  rabounded  to  1000  psf.  Compressibili  y n e 

gene^hy  lo“  and^ell  magnitudes  ranged  from  a minimal  amount  to  as  much  as  2.6 

percent . 

Our  engineer  is  available  for  consultation  regarding  this  data  upon 
request.  Please  call  if  you  have  any  questions. 

Sincerely , 

Joh  J.  Hepfner,  E.I.T. 

GT  Staff  Engineer 


Gary- A".  Quinn,  P.E. 

Sr.  Geotechnical  Engineer 
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PROJECT 


1+ 


STA  6 + 50 


Lewistown  BLM 


Qassifi  cation 
Fat  Clay  (CH) 


JOB  NO. 
DATE 


UNCONFINED  COMPRESSION  TEST 

NTL  Engineering  and  Geoscience 
Great  Falls,  MT 


Plate  No.  1 
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tn  H oi  < 


STRESS,  psf 


• FIELD  MOISTURE 


@ INUNDATED 


Sner-imen  Identification 

Qassification 

DD 

MC% 

• 

STA  6 + 50  1.1 

Fat  Clay  (CH) 

108 

20 

FINAL  MOISTURE  CONTENT  =20% 

ii-oi 

NTL  Engineering  and  Geoscience 
Great  Falls,  MT 


11/19/96 
Plate  No.  3 


9 


>?3HW 


f rniirnrur  ~ 


Snecimen  Identification  Classification 

DD 

MC% 

• 

STA  7 + 00  2.1 

FatClav  (CH) 

107 

21 

FINAL  MOISTURE  CONTENT  =22% 



JOB  NO" 

96 Tl 

!5 

CONSOLIDATION  TEST 

NTL  Engineering  and  Geoscience 
Great  Falls,  MT 


Plate  No.  4 
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APPENDIX  I 


PRECONSTRUCTION  MOISTURE  AND  DENSITY  SELECTION 
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